Electronic Supplementary Material (ESI) for Inorganic Chemistry Frontiers.
This journal is © the Partner Organisations 2021

Two complimentary approaches for the synthesis and isolation of sta-

ble phosphanylphosphaalkenes

Aleksandra Zidtkowska, Natalia Szynkiewicz, Eukasz Ponikiewski*

Department of Inorganic Chemistry, Chemical Faculty, Gdansk University of Technology, ul. Narutowicza 11/12, 8o-

233 Gdansk

KEYWORDS: Stable phosphanylphosphaalkenes; phospha-Wittig reaction; phospha-Peterson reaction; organophospho-

rus compounds.

PART A. EXPerimental SECHION ........ccviie ittt st s re e te s ne e sreans
A.L Materials and MEtNOU..........c.ooiiiiie et st aenne s

A.2. General method for the phospha-Wittig reaction of [(BDI*)Ti(Cl){n?-P-PtBu,}] (1) with selected
Ketones and AldENYAES ..........c.oiiiiiiiie e e st ns

A.2.1. Reaction of 1 with benzZOPheNONE. ........cccoviiiiiec e e
A.2.2. Reaction of 1 With 9-FIUOIENONE .........coviiiiiiee e
A.2.3. Reaction of 1 with 4-Cyanobenzophenone............ccooviiiiiiiiiieseee
A.2.4. Reaction of 1 with 4,4°-dicyanobenzophenone ...........cccccveveieeeeiese e
A.2.5. Reaction of 1 with 4,4’-dimethoxybenzophenone.............ccoceeiieiiiciiis e
A.2.6. Reaction of 1 with tert-butyl phenyl KEtone ..o
A.2.7. Reaction Of 1 With @CEIONE..........cieieieiciiece e
A.2.8. Reaction of 1 with CyCIOREXaN0NE..........cccoiiiiiiiicc e s
A.2.9. Reaction of 1 with aCEtOPhENONE. ........ccoiiiiiiiee e
A.2.10. Reaction of 1 with cyclopropyl methyl KEtone...........ccccoveiiiiiiii i
A.2.11. Reaction of 1 with isobutyraldehyde ...........cccoeiiiiiiiic e
A.2.12. Reaction of 1 with cyclohexanecarboxaldehyde..............ccocoviiiiiiiiiiiii e
A.2.13. Reaction of 1 with p-tolualdenyde............cocoriiiiiiii
A.2.14. Reaction of 1 with 4-(dimethylamino)benzaldehyde............ccccooviioiiiiiii
A.2.15. Reaction of 1 with biphenyl-4-carboxaldehyde.............cooi i

A.3. General method for the phospha-Peterson reaction of tBu,P-P(SiMe3)Li-3THF (2) with selected
Ketones and aldBNYTES ........c.ooiiiii s

A.3.1. Reaction Of 2 DENZOPNENONE........ooeee et

A.3.2. Reaction 0f 2 With O-TIUOIENONE ........ooieeeeeeeeeee ettt et e e e e e r e



A.3.3. Reaction of 2 with 4-Cyan0obenZOPNENONE............coui ettt eees 22

A.3.4. Reaction of 2 with 4,4’-dicyan0benzophenone ..........ccooviiiiiiii s 23
A.3.5. Reaction of 2 with 4,4’-dimethoXybenzophenoNE ..........cc.eiviieiiiicie e s 24
A.3.6. Reaction of 2 with tert-butyl phenyl KEtONE ..........c.ooiiiiiiiece e 25
A.3.7. ReaCtion OF 2 WIth GCETONE. .......ocieiiiieiie ettt et esaeste e teste s e e nbesneeeesteeneeneas 26
A.3.8. Reaction of 2 With CYCIONEXANONE...........cuiiiiiiiiii e 27
A.3.9. Reaction of 2 With @CEOPNENONE.........cei it re e re e e 28
A.3.10. Reaction of 2 with cyclopropyl methyl KEtONE .........ccooviiiiiiii s 29
A.3.11. Reaction of 2 with iSODULYraldenYde ..o s 30
A.3.12. Reaction of 2 with cyclohexanecarbaldehyde.............cccoviiiiiiiiiic s 31
A.3.13. Reaction of 2 With p-tolUAIAENYUE ..o e 32
A.3.14. Reaction of 2 with 4-(dimethylamino)benzaldehyde.............cccoiriiiiiiii e 33
A.3.15. Reaction of 2 with biphenyl-4-carboXaldenyde.........cccoviiiiiecici s 34
N I = TR AN 1 Y o =T o - ST SPURPTRI 35
B.1. Reaction of [(BDI*)Ti(Cl){#?-P-PtBu.}] (1) with selected ketones and aldehydes ...............ccccerrrrinnnee. 35
B.1.1. BENZOPNENONE. ...ttt bbbt bbbt b e 35
T 0T0] =T a o] T ST RPRSPR PR 36
B.1.3. 4-CYan0DhENZOPNENONE.........cueiii ettt ettt e te e s b e be e e e sbeere e resre e e e reeaeenrs 37
B.1.4. 4,4°-dicyan0obeNZOPNEN0NE .........ciiiii e e 38
B.1.5. 4,4 -dimethOXYDENZOPNENONE ......c.oiiicie et et e s be e e e s resre et 39
B.1.6. Tert-bUtyl PhenYl KELONE ........coiiie ittt e be e e st e e s e e resreeeesbeeneeseas 40
o AN o=] (0] 1T T T T O T T TP T PP PP PUPPPPRPTI 41
B.1.8. CYCIONEXANONE. ...ttt bbbt bbbttt b bbb n e 42
B.1.9. ACEBIOPNENONE ...ttt et sttt e st et e s be e e e st e et e et e e be e st e teeReeareeteenbesbeere e benaeeresreenrenrn 43
B.1.10. Cyclopropyl MEtNY ] KEIONE ........c.oiiieieieee bbb 44
B.1.11. ISODULYTAIAENYAE ...ttt 50
B.1.12. CyclohexanecarbOXaldENYAE ............cuiiiiiiiiii ettt st st be e eas 57
B.1.13. P-TOIUAIAENYAE ...ttt s be et be e e sb e st e et e sbeebe e besae e e e sbeeneeseas 62
B.1.14. 4-(dimethylamin0)Denzaldenyde ..........cc.oov i 68
B.1.15. Biphenyl-4-carboXaldenYde ..........cooiiiiiii s 69
B.2. Phospha-Peterson reaction of tBu,P-P(SiMes)Li-3THF (2) with selected ketones and aldehydes ........ 70
B.2. 1. BENZOPNENONE. ...tttk b b bbbt b e bbb 70
o e i Vo] =T o o= SRS 75
B.2.3. 4-CYan0bENZOPNENONE. ..ottt ettt e e re e e 78
B.2.4. 4,4°-dicyan0obeNZOPNENONE ........ociiii e 83
B.2.5. 4,4-dimethOXyYDENZOPNENONE ..ot bbbt 88
B.2.6. Tert-bUtyl PRENYT KEIONE .......oouiiiieee bbbt 93



ST R X o7=1 (0] L= TP RTRSTRTPRRRRRTRTRIN 97

o T @4 [0]4T=) = o] 1= TSRS 102
R I Aot (0] o] 11 0] - USSR 107
B.2.10. Cyclopropyl MEthY] KELONE .........ccuv ittt s re et et sre e e e s te e e e steeraete s 111
B.2.11. ISODULYTAIAENYTE ... ... 115
B.2.12. CyclohexanecarboXaldeNYdE ............ooiiiiiiiiiie e 116
B.2.13. P-TOIUAIAENYAE ..ottt te et e s b e e te e besae e e e steeneesresreentens 117
B.2.14. 4-(dimethylamino)Denzaldenyde ..........cc.cov i 118
B.2.15. Biphenyl-4-carboXaldenYde ..o 124
B.3. Decomposition of the isolated crystals of phosphanylphosphaalkenes ..........c.ccccooevvieicii i, 127
B.3.1. (PN)2C=P-PtBU2 (38) +..e.veueiveriitiiiiieietit ettt 127
B.3.2. (Ph)(4-CN-Ph)C=P-PtBU2 (BC) .. ecteeeteieierieiiiieiesieiesiee ettt ettt sttt 133
B.3.3. (4-CN-Ph)2C=P-PIBU2 (BA) ...ttt 134
B.3.4. (4-MeO-Ph)2C=P-PBU2 (BE) ....eueiveietiieiiiieiiiteti ettt 135
B.3.5. {(Me)2N-Ph}(H)C=P-PtBU2 (Ad) ....coviieiiieeiiiieie ettt 136
B.3.6. PRPR(H)CIP-PLBU2 (4€) ....veiieeieie ettt bbb bbbttt 137
B.3.7. Stability of (Ph)2C=P-PtBU2 (38) IN WALET ........cccveiiiiiiie ettt sre e sre e te e sresreenne s 138
PART C. Crystallographic datal........ccueiiiiiiiiiiiieiie ettt ettt sttt sie e s b e e be e beesbeesbreenneenneens 139
PART E. DFT CaICUIAIIONS ......cueiiiiiieiiiiiiteite ettt ettt nb ettt b s 143
E.L. GENEIAl METNOUS ...t ettt bbbt s et e bt s b et st e e eneenenne e 143
E.2. Philicity of selected atoms in 1, [(BDI*)Ti(Cl){n?-P(SiMes)-PtBu,}] and Ketones................cccccevevrvnenen. 149
E.3. Optimized structures and Cartesian COONTINGLES. ...........cceiveiiiiiriiiriesie e 150
E.3.1. SUDSrates and DY-PrOUUCTS...........oiterieieieiieii ittt bbb 150
E.3.2. Reaction of 1 with benzophenone 16ading t0 3@ ..........ccciieiiiiiiiie i e 160
E.3.3. Reaction of 1 with 9-fluorenone 1eading t0 3D.........ccooiiiiiii 168
E.3.4. Reaction of 1 with 4-cyanobenzophenone 1eading 10 Z-3C..........cvvririreiiiiciiie s 176
E.3.5. Reaction of 1 with 4-cyanobenzophenone leading t0 E-3C........cccocviieiiiii i 184
E.3.6. Reaction of 1 with 4,4’-dicyanobenzophenone leading to 3d...........cccoceiieiieiiiiciie e 192
E.3.7. Reaction of 1 with 4,4’-dimethoxybenzophenone leading to 3e.........cccooeiiiiiiiini e 200
E.3.8. Reaction of 1 with tert-butyl phenyl ketone [eading to Z-3f ..o 209
E.3.9. Reaction of 1 with tert-butyl phenyl ketone leading to E-3f..........ccccoeiiiiiiiiiiicc e 217
E.3.10. Reaction of 1 with acetone 1eading t0 30 ......cccvviiiiiiiiee s 225
E.3.11. Reaction of 1 with cyclohexanone 1eading t0 3N ..o 232
E.3.12. Reaction of 1 with acetophenone 1eading t0 Z-3i........cccooveiiiiiie i 239
E.3.13. Reaction of 1 with acetophenone 1eading t0 E-3i ........ccccoeiiiiiiii e 247
E.3.14. Reaction of 1 with cyclopropyl methyl ketone leading t0 Z-3j.........cccoeiiiiiiiiiiniiiceeee 254
E.3.15. Reaction 1 with cyclopropyl methyl ketone 1eading t0 E-3j.........ccccoviieiiiiiiniiinise e 262

3



E.3.16. Reaction of acetone with tBuzP-P(SIMEz)LI(THF)3.....cooveiiiiiie e
E.3.17. Optimized SrUCTUIES OF 48-48 ......c.ooiiieeeie ettt sttt eseesteeneesaeenee e

PART F. Experimental and theoretical UV-VIS spectra of phosphaalkenes isolated in the solid state form ..........

PART G. References



PART A. Experimental section
A.1l. Materials and method

All synthetic procedures were performed under inert gas (Ar) and were carried out using mBraun glovebox
and standard Schlenk techniques. All spectra in solution were recorded on Bruker AV400 MHz spectrom-
eter (external standard tetramethylsilane for 'H, *C; 85% H3PO4 for *'P). Melting point of the all crystalline
products were measured on the Stuart SMP 30 apparatus. Elemental analysis for solid and liquid samples
were recorded on Elementary Vario El Cube CHNS. [(BDI*)Ti(Cl){s>-P-PBuz}] (1) and fBu,P-
P(SiMes)Li-3THF (2), were prepared according to procedures in the literature.!” All ketones and aldehydes
were commercially purchased. THF and toluene were dried over Na/Ph,CO, while pentane was dried over
Na/K alloy. All solvents were distilled under argon atmosphere. Elemental analysis were recorded on Ele-
mentary Vario El Cube CHNS.

A.2. General method for the phospha-Wittig reaction of [(BD1*)Ti(CIl){#?-P-PtBu2}] (1) with selected
ketones and aldehydes

To the [(BDI*)Ti(Cl){n>-P-PtBuz}] (1) (0.400 g, 0.591 mmol) dissolved in 15 mL of THF the appropriate
amount of ketone or aldehyde in 5 mL of THF was dropwise added. The initial green solution of the titanium
complex, after the right time for each reaction was changed. In the next step the solvent was evaporated
and in results a slightly oily residue for each reaction was obtained.

A.2.1. Reaction of 1 with benzophenone

A
Ar /tBu N/ d i\r
i - |
\o# \ c / By | A N\ O N
T,__ —THF o= + = Ti Ti N
ﬁ\ e (0 D™
Ar Ar Ar/

1) (3a)

Ar = 2,6-iPrCgH3 not isolated

Benzophenone (0.108 g, 0.591 mmol); deep orange reaction solution after 3 months. An oily residue ob-
tained after evaporation of the solvent was dissolved in CsDs and investigated by NMR spectroscopy.

$1P{*H} NMR (400 MHz, CeDs, 298 K) &: 277.32 (d, Jp-p = 228.9 Hz, (Ph).C=P-PtBu2, 3a), 27.39 (d, Jp-
= 228.9 Hz, (Ph).C=P-PtBus, 3a) ppm.

$IP{IH}, H, BC{*H}-NMR spectra of isolated (Ph).C=P-PtBu. (3a) see point A.3.1. page 20.



A.2.2. Reaction of 1 with 9-fluorenone

/Ar o O /tBu N,Ar ?r
“Ne#\ I e o B 1 N O N
) T/Tflxﬁ*ﬂau ¢ Z ) ?/|I\o/ =
Ar Bu O Ar Ar/
(1) (3b)
Ar = 2,6-iPrCgH3 not isolated

9-fluorenone (0.106 g, 0.591 mmol); red reaction solution after 24 hours. An oily residue obtained after
evaporation of the solvent was dissolved in CsDs and investigated by NMR spectroscopy.

31P{'H} NMR (400 MHz, CsDs¢, 298 K) &: 297.84 (d, Jp-p = 228.4 Hz, (fluorenyl)C=P-PtBu., 3b), 19.50
(s, tBuzPH), 9.61 (d, Jrr = 228.9 Hz, (fluorenyl)C=P-PtBu, 3b) ppm.

SIP{1H}, H, BC{*H} NMR spectra of isolated (fluorenyl)C=P-PtBu; (3b) see point A.3.2. page 21.



A.2.3. Reaction of 1 with 4-cyanobenzophenone

Ar o Ar
NR I & 1 e
T \e#\ c S0 N O N
\ _T—te + _THE Ae* TN T\
e c=p” Y N N0 N\
Ar C
“ @ ) .

(1) (3¢c)

Ar = 2,6-iPr,CgH3 not isolated

4-cyanobenzophenone (0.122 g, 0.591 mmol); yellow-red reaction solution after 3 months. An oily residue
obtained after evaporation of the solvent was dissolved in C¢Ds and investigated by NMR spectroscopy.

31P{'H} NMR (400 MHz, CsDs, 298 K) &: 843.47 (d, Jr-p = 450.5 Hz, unreacted [(BDI*)Ti(Cl){#*-P-
PtBu2}]), 302.86 (d Jr-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu,, E-3c), 285.73 (d, Jp-p = 228.9 Hz, (Ph)(4-
CN-Ph)C=P-PtBuj,, Z-3c), 143.57 (d Jp-» = 450.5 Hz, unreacted [(BDI*) Ti(Cl){#*-P-PtBu2}]), 28.98 (d, Jp-
p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu, E-3c), 27.81 (d, Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBus, Z-
3¢) ppm.

SIP{1H}, H, BC{*H} NMR spectra of isolated (Ph)(4-CN-Ph)C=P-PtBu: (3c) see point A.3.3. page 22.



A.2.4. Reaction of 1 with 4,4’-dicyanobenzophenone

N
Y
\C
A
r ﬁ Q ,fBu N/Ar »:\r
\?./‘/\ + ¢ THE =7 Bu, 1 \T./O\-li/" R
N I\IB z \) N1 N0 N
Arl {Bu u c . | | ~o /N_
Né \%N Ar Ar
C
v/
N/
(1) (3d)
Ar = 2,6-iPr,CgH3 not isolated

4,4’-dicyanobenzophenone (0.137 g, 0.591 mmol); yellow-red reaction solution after 3 months. An oily
residue obtained after evaporation of the solvent was dissolved in CsDe and investigated by NMR spectros-

copy.

3P{IH} NMR (400 MHz, CeDs, 298 K) &: 843.85 (d, Jpp = 450.5 Hz, unreacted [(BDI*)Ti(Cl){#?-P-
PtBuz}]), 312.22 (d, Jep = 2325 Hz, (4-CN-Ph),C=P-PtBu,, 3d), 143.56 (d, Jep = 4505 Hz,
[(BDI*)Ti(Cl){#?-P-PtBu2}]), 29.54 (d, Jp» = 232.5 Hz, (4-CN-Ph),C=P-PtBuz, 3d), 19.51 (s, tBuzPH)
ppm.

3Ip{IH}, H, BC{*H} NMR spectra of isolated (4-CN-Ph).C=P-PtBu, (3d) see point A.3.4. page 23.



A.2.5. Reaction of 1 with 4,4’-dimethoxybenzophenone

(1) (3e)

Ar = 2,6-iPryCgH3 not isolated

4,4’-dimethoxybenzophenone (0.143 g, 0.591 mmol); yellow-red reaction solution after 3 months. An oily
residue obtained after evaporation of the solvent was dissolved in CsDe and investigated by NMR spectros-

copy.

3P{IH} NMR (400 MHz, CsDs, 298 K) &: 844.38 (d, Jpp = 450.5 Hz, unreacted [(BDI*)Ti(Cl){;?-P-
PtBu}]), 257.68 (d, Jpp = 228.9 Hz, (4-MeO-Ph),C=P-PtBuz, 3¢), 143.78 (d, Jo.p = 450.5 Hz,
[(BDI*)Ti(CI){#?-P-PtBu2}]), 28.38 (d, Jo.p = 228.9 Hz, (4-MeO-Ph),C=P-PtBus, 3¢), 19.66 (s, tBuzPH)
ppm.

$IPL1H}, H, BC{*H} NMR spectra of isolated (4-MeO-Ph),C=P-PtBu, (3¢) see point A.3.5. page 24.



A.2.6. Reaction of 1 with tert-butyl phenyl ketone

P e 2

Ar

(1
Ar= 2,6-11'—‘r2C6H3

Tert-butyl phenyl ketone (0.099 mL, 0.591 mmol, 0.970 g/mL); still green reaction solution after 3 months.
An oily residue obtained after evaporation of the solvent was dissolved in CsDe and investigated by NMR

spectroscopy.

31P{'H} NMR (400 MHz, CsDs, 298 K) &: 838.89 (d, Jr-p = 450.5 Hz, unreacted [(BDI*)Ti(Cl){#*-P-
PtBu,}]), 142.05 (d, Jp-p = 450.5 Hz, unreacted [(BDI*)Ti(Cl){#*-P-PtBu2}]), 19.56 (s, tBuPH) ppm.
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A.2.7. Reaction of 1 with acetone

Ar

_N/ \ o /tBu N’Ar Ji\r
\e# I NS TN\ o] N
7l le + THE —/ SBu 1 \ O~
) N/lxl\tﬂu A /C *2 NN /T'\ N
At tBu | o N=
Ar

(1 (39)

Ar = 2,6-iPr,CgH3 isolated

Acetone (0.044 mL, 0.591 mmol, 0.784 g/mL); dark yellow reaction solution after 24 hours. An oily residue
obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus (125°C, 0.01 Torr),
finally resulting clear yellow oil characterized as (Me).C=P-PtBu. (3g) (0.100 g, yield: 72%).

31P{*H} NMR data from the reaction mixture (400 MHz, CsDs, 298 K) &: 234.73 (d, Jp-p = 228.9 Hz,
(Me).C=P-PtBuz), 23.14 (d, Jr-r = 228.9 Hz, (Me).C=P-PtBu.) ppm.

The 3P{*H}, 'H and BC{*H}-NMR shifts of isolated 3g are analogical to these presented in our earlier
publication.*

11



A.2.8. Reaction of 1 with cyclohexanone

Ar Ar
Ar

/
I o | N
¢ < > 1 N, A Lo ‘<<
l\ e —THE — g - T Ti A\
i? tBu 2 N/I'\o/ \
Ar /

=0
W
e |z\

Ar

(1) (3h)

Ar = 2,6-iPr,CgHj; isolated

Cyclohexanone (0.061 mL, 0.591 mmol, 0.948 g/mL); dark yellow reaction solution after 24 hours. An oily
residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus (130°C, 0.01
Torr) finally resulting clear yellow oil characterized as (CH2)sC=P-PtBu. (3h) (0.09 g, yield: 55%).

31P{'H} NMR data from the reaction mixture (400 MHz, CsD¢, 298 K) &: 221.02 (d, Jp-p = 228.8 Hz,
(CH2)sC=P-PtBuy), 19.51 (s, tBu2PH), 17.76 (d, Jp-p = 228.8 Hz, (CH2)sC=P-PtBuz) ppm.

The 3P{*H}, H and BC{*H}-NMR shifts of isolated 3h are analogical to these presented in our earlier
publication.®
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A.2.9. Reaction of 1 with acetophenone

|
tBu

Ar Ar
N ?I t8 N, T
o \e/f\ c /! BN (o) | N
) TH > 1 NN
\N/TI'\”Q ' =t _ etz TN AT h
| tBu C=P I
Ar /

(1) (3i)

Ar = 2,6-iProCgH3 isolated

Acetophenone (0.069 mL, 0.591 mmol, 1.030 g/mL); dark yellow reaction solution after 24 hours. An oily
residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus (160°C, 0.01
Torr) finally resulting yellow oil characterized as (Ph)MeC=P-PtBu> (3i) (0.09 g, yield: 55%).

31P{*H} NMR data from the reaction mixture (400 MHz, CsDs, 298 K) &: 263.63 (d, Jp-p = 234.9 Hz,
(Ph)MeC=P-PtBus, E-3i), 253.06 (d, Jo.p = 222.8 Hz, (Ph)MeC=P-PtBus, Z-3i), 24.65 (d, Jp-» = 222.8 Hz,
(Ph)MeC=P—-PtBuy, Z-3i), 21.91 (d, Jo.p = 234.9 Hz, (Ph)MeC=P—PtBuz, E-3i), 19.65 (s, tBuPH) ppm.

The 3P{*H}, H and *C{*H}-NMR shifts of isolated 3i are analogical to these presented in our earlier
publication.®
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A.2.10. Reaction of 1 with cyclopropyl methyl ketone

Ar

e\ Q ol
g T'\ \ ~TEE e g/“\ > \
|

Ar

O=0

(1) (3j)
Ar = 2,6-iPr,CgH3 isolated

Cyclopropyl methyl ketone (0.059 mL, 0.591 mmol, 0.849 g/mL); orange reaction solution after 24 hours
An oily residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus
(140°C, 0.01 Torr) finally resulting clear dark yellow oil characterized as (cyclo-CH2CH2CH)(Me)C=P-
PtBuz (3j) (0.094 g, yield: 61%) . Calculated elemental analysis (%) for C13H26P2: C, 63.91; H, 10.73 N.
Found (conducted for oil): C, 63.65; H, 10.94.

'H NMR (400 MHz, CeDs, 298 K) &: 3.64 (broad m, 1H, (cyclo-CH.CH.CH)(Me)C=P-PtBuy, Z-3j), 2.29
(ddd, 3H, Jp-x = 10.8 Hz, Ju-H = 1.3 Hz, Jp-H = 0.4 Hz, (cyclo-CH2CH2CH)(Me)C=P-PtBu, E-3j), 2.04
(broad m, 1H, (cyclo-CH2CH.CH)(Me)C=P-PtBu,, E-3j), 1.73 (dd, 3H, Jp-.+ = 21.9 Hz, Jpr = 1.6 Hz, (cy-
clo-CH2CH2CH)(Me)C=P-PtBu, Z-3j), 1.24 (d, 18H, Jp.1 = 11.2 Hz, (cyclo-CH.CH>CH)(Me)C=P-PtBuz,
E-3j), 1.17 (d, 18H, Jp-x = 11.2 Hz, (cyclo-CH2.CH2CH)(Me)C=P-PtBuz, Z-3j), 0.74 (broad m, 2H, (cyclo-
CH>CH2CH)(Me)C=P-PtBu, Z-3j), 0.60 (broad m, 2H, (cyclo-CH.CH.CH)(Me)C=P-PtBu,, Z-3j), 0.53
ppm, (broad m, 2H, (cyclo-CH2CH.CH)(Me)C=P-PtBu,, E-3j), 0.50 (broad m, 2H, (cyclo-
CH2CH2CH)(Me)C=P-PtBuy, E-3j) ppm;

BC{*H} NMR (400 MHz, C¢Ds, 298 K) &: 213.28 (dd, Jr.c = 53.6 Hz, Jo.c = 14.5 Hz, (cyclo-
CH2CH2CH)(Me)C=P-PtBuz, E-3j), 21041 (dd, Jpc = 554 Hz, Jpc = 11.8 Hz, (cyclo-
CH2CH2CH)(Me)C=P-PtBuz, Z-3j), 33.36 (dd, Jp-c = 9.1 Hz, Jp.c = 4.5 Hz, (cyclo-CH.CH2CH)(Me)C=P-
P{C(CHz3)s}., E-3j), 33.36 (dd, Jp-c = 9.1 Hz, Jp.c = 4.5 Hz, (cyclo-CH,CH>CH)(Me)C=P-P{C(CHs3)3}>,
E-3j), 31.15 (dd, Jr-c = 10.9 Hz, Jp.c = 5.4 Hz, (cyclo-CH2CH2CH)(Me)C=P-P{C(CHa)z}., Z-3j), 31.01
(dd, Jp.c = 10.9 Hz, Jp.c = 4.5 Hz, (cyclo-CH2CH.CH)(Me)C=P-P{C(CHz)3}2, Z-3]), 26.45 (dd), Jr.c =45.4
Hz, Jp.c = 5.4 Hz, (cyclo-CH2CH2CH)(Me)C=P-PtBu., E-3j), 25.19 (dd, Jr.c = 29.1 Hz, Jp.c = 15.4 Hz,
(cyclo-CH2CH2CH)(CH3)C=P-PtBuy, E-3j), 24.43 (dd, Jr.c = 38.1 Hz, Jp.c = 17.2 Hz, (cyclo-CH2CH>CH)(
CH3)C=P-PtBuz, Z-3j), 23.63 (dd, Jp-c = 45.4 Hz, Jpc = 3.6 Hz, (cyclo-CH.CH.CH)(Me)C=P-PtBu,, Z-
3J), 9.52 (d, Jp-c = 2.7 Hz, (cyclo-CH2CH2CH)(Me)C=P-PtBu., Z-3j), 9.37 (d, Jr-c = 12.7 Hz, (cyclo-
CH2CH2CH)(Me)C=P-PtBuz, E-3j) ppm;

31P{1H} NMR (400 MHz, CeDg, 298 K) &: 232.48 (d, Jp-r = 232.9 Hz, (cyclo-CH2CH>CH)(Me)C=P-PtBuy,
Z-3j), 225.87 (d, Jp-p = 232.9 Hz, (cyclo-CH2CH2>CH)(Me)C=P-PtBu,, E-3j) 18.52 (d, Jp-r = 232.9 Hz,
(cyclo-CH2CH2CH)(Me)C=P-PtBu,, Z-3j),17.00 (d, Jr-p = 232.9 Hz, (cyclo-CH.CH,CH)(Me)C=P-PtBus,
E-3j) ppm.
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A.2.11. Reaction of 1 with isobutyraldehyde

Al
/Ar 0 N/ 3 f\r
—N tBu — |
N
\e# N THE ——< { g3 S L
\ /%\\;e + W — _ 0w P T TN )
’I“ | | >tBu =¥ T | ~o N=
tBu A
Ar : Ar/
(1) (4a)
Ar = 2,6-iPr,CgH3 isolated

Isobutyraldehyde (0.054 mL, 0.591 mmol, 0.790 g/mL); pale orange reaction solution after 24 hours. An
oily residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus (160°C,
0.01 Torr) finally resulting clear yellow oil characterized as {(Me).CH}(H)C=P-PtBu> (4a) (0.110 g, yield:
58%). Calculated elemental analysis (%) for C12H26P2: C, 62.05; H, 11.28 N. Found (conducted for oil): C,
61.95; H, 11.51.

'H NMR (400 MHz, C¢Ds, 298 K) &: 9.49 (ddd, 1H, Jp-n = 24.1 Hz, Jp-v = 12.0 Hz, Jpn = 8.1 Hz,
{(Me).CH}(H)C=P-PtBu,, E-4a), 8.42 (ddd, 1H, Jp-+ = 36.1 Hz, Ju-v = 20.9 Hz, Jpy = 8.0 Hz,
{(Me).CH}(H)C=P-PtBu,, Z-4a), 4.12 (br. m, 1H, Ju-n = 6.7 Hz, {(Me).CH}(H)C=P-PtBu2, Z-4a), 3.55
(9, THF protons), 2.77 (br. m, 1H, Ju-x = 6.7 Hz, {(Me).CH}(H)C=P-PtBu,, E-4a), 1.39 (q, THF protons),
1.25 (d, 18H, Jp.v = 11.3 Hz, {(Me).CH}(H)C=P-PtBuz, E-4a), 1.23 (d, 18H, Jp.n = 11.2 Hz,
{(Me).CH}(H)C=P-PtBu., Z-4a), 1.04 (dd, 6H, Ju-n = 6.7 Hz, Jp-1 = 0.8 Hz, {(Me).CH}(H)C=P-PtBuz,
E-4a), 0.94 (br. d, 6H, Ju.1 = 6.7 Hz, {(Me).CH}(H)C=P-PtBu,, Z-4a) ppm;

13C{*H} NMR (400 MHz, C¢Ds, 298 K) &: 213.12 (dd, Jp-c = 49.0 Hz, Jp-c = 33.6 Hz, {(Me).CH}(H)C=P-
PtBuy, E-4a), 38.50 (dd, Jp-c = 19.9 Hz, Jp.c = 13.6 Hz, {(Me).CH}(H)C=P-PtBu,, E-4a), 32.51 (dd, Jp-c
=28.2 Hz, Jp.c = 2.7 Hz, {(Me).CH}(H)C=P-P{C(CHz3)3}», E-4a), 31.04 (dd, Jp.c =19.9 Hz, Jp.c = 5.4 Hz,
{(Me)2CH}(H)C=P-P{C(CHs3)3}2, E-4a), 23.02 (d , Jp-c = 12.7 Hz, {(Me).CH}(H)C=P-PtBu2, E-4a) ppm;

31P{IH} NMR (400 MHz, CDs, 298 K) &: 254.39 (d, Jp-p = 220.8 Hz, {(Me)2CH}(H)C=P-PtBu,, E-4a),
24940 (d, Jop = 2128 Hz, {(Me):.CH}H)C=P-PtBu, Z-4a), 52.83 (d, Jpp = 220.8 Hz
{(Me),CH}(H)C=P-PtBus,, E-4a), 12.85 (d, Jp.r = 212.8 Hz, {(Me)2CH}(H)C=P-PtBu,, Z-4a) ppm.
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4bA.2.12. Reaction of 1 with cyclohexanecarboxaldehyde

Ar Ar

N/ p ﬁ NI I'\r
— Bu =

\ /’\ c o 1 N /0\ I/N

N T le o+ Sy —THE 2 Ti 17\
i;/l NBu — ./ "tBu zZ \ T/l o\

|
Ar tBu

(1) (4b)

Ar = 2,6-iPr,CgH; isolated

Cyclohexanecarboxaldehyde (0.072 mL, 0.591 mmol, 0.926 g/mL); orange reaction solution after 24 hours.
An oily residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus
(165°C, 0.01 Torr) finally resulting clear yellow oil characterized as {cyclo-(CH)4sCH}(H)C=P-PtBu. (4b)
(0.085 g, yield: 53%). Calculated elemental analysis (%) for C1sH30P2: C, 66.15; H, 11.10 N. Found (con-
ducted for oil): C, 66.03; H, 11.19.

'H NMR (400 MHz, C¢Ds, 298 K) 8: 9.44 (ddd, 1H, Jp.4 = 22.7 Hz, Jp-1 = 14.2 Hz, Ju+ = 8.4 Hz, {cyclo-
(CH2)4CH}(H)C=P-PtBuz, E-4b), 8.49 (ddd, 1H, Jp-x = 31.9 Hz, Jp-n = 21.5 Hz, Ju.n = 10.9 Hz, {cyclo-
(CH2)sCH}(H)C=P-PtBuz, Z-4b), 2.51 (broad m, 1H, {cyclo-(CH.)sCH}(H)C=P-PtBu,, E-4b), 1.83
(broad m, 2H, {cyclo-(CH2)sCH}(H)C=P-PtBu., E-4b), 1.65, (broad m, 2H, {cyclo-(CH2)4CH}(H)C=P-
PtBuy, E-4b), 1.29 (d, 18H, Jp-x = 11.1 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu2 E-4b), 1.19 (broad m, 6H,
{cyclo-(CH2)sCH}(H)C=P-PtBu,, E-4b) ppm;

BBC{H} NMR (400 MHz, CeDs, 298 K) &: 211.64 (dd, Jpc = 48.2 Hz, Joc = 34.6 Hz, {cyclo-
(CH2)4CH}(H)C=P-PtBu2, E-4b), 203.01 (dd, Jp-c = 55.7 Hz, Jp-c = 14.2 Hz, {cyclo-(CH2)sCH}(H)C=P-
PtBuj, Z-4b), 48.07 (dd, Jr-c = 18.6 Hz, Jp.c = 13.4 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu,, E-4b), 33.98 (s,
{cyclo-(CH2)4CH}(H)C=P-PtBu, E-4b), 33.85 (s, {cyclo-(CH2)4sCH}(H)C=P-PtBu,, E-4b), 33.27 (s, {cy-
clo-(CH2)4aCH}(H)C=P-PtBuz, Z-4b), 33.18 (s, {cyclo-(CH2)4CH}(H)C=P-PtBu>, Z-4b), 32.46 (dd, Jrc =
28.2 Hz, Jpc = 2.8 Hz, {cyclo-(CH2)sCH}(H)C=P-P{C(CHj3)s}2, E-4b), 31.02 (dd, Jp-c = 13.8 Hz, Jp.c =
5.0 Hz, {cyclo-(CH2)sCH}(H)C=P-P{C(CH?3)3}2, E-4b), 30.18 (dd, Jr-c = 14.8 Hz, Jp.c = 5.42 Hz, {cyclo-
(CH2)4aCH}(H)C=P-P{C(CHz3)3}., Z-4b), 25.86 (s, {cyclo-(CH.)sCH}(H)C=P-PtBu,, E-4b), 25.84 (s, {cy-
clo-(CH2)4sCH}(H)C=P-PtBus, E-4b) ppm;

31P{IH} NMR (400 MHz, CeDs, 298 K) &: 256.25 (d, Jep = 220.8 Hz, {cyclo-(CH2)4CH}(H)C=P-PtBus,
E-4b), 251.24 (d, Jep = 212.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBuz, Z-4b), 52.23 (d, Jer = 220.8 Hz, {cy-
clo-(CH2)4aCH}(H)C=P-PtBu,, E-4b), 13.17 (d, Jre = 212.8 Hz, {cyclo-(CH2)4«CH}(H)C=P-PtBu,, Z-4b)
ppm.
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A.2.13. Reaction of 1 with p-tolualdehyde

Ar
0 N’ ?r
Il tBu =
\ef c / \__O~ )N
é T.—-_, 9 \H —THF o o’ gy * lz \N/Ti< /Tl\ A
/ |
H

Ar /

™ (4c)

Ar = 2,6-/Pr,CgH; isolated

p-Tolualdehyde (0.065 mL, 0.591 mmol, 1.019 g/mL); pale orange reaction solution after 24 hours. An oily
residue obtained after evaporation of the solvent was distilled using the Kugelrohr apparatus (150°C, 0.01
Torr) finally resulting clear yellow oil characterized as (p-Me-Ph)(H)C=P-PtBu. (4c) (0.115 g; yield: 69%).
Calculated elemental analysis (%) for C1eH26P2: C, 68.55 H, 9.35 N. Found (conducted for oil): C, 68.45;
H, 9.58.

'H NMR (400 MHz, 298 K, CsDs) only E isomer visible; 6: 10.16 (dd, 1H, Jp.4 = 22.7 Hz, Jp.1 = 13.6 Hz,
(p-Me-Ph)(H)C=P-PtBuz, E-4c), 7.56 (dd, 2H, Jp-n = 7.6 Hz, Jp-n = 2.7 Hz, (p-Me-Ph)(H)C=P-PtBuz, o-
Har, E-4c) 6.83 (d, 2H, Jp-H = 7.9 Hz, (p-Me-Ph)(H)C=P-PtBuz, m-Ha, E-4c), 1.97 (d, 3H, Jp-+ = 1.9 Hz,
(p-Me-Ph)(H)C=P-PtBu, E-4c), 1.28 (d, 18H, Jp.x = 11.1 Hz, (p-Me-Ph)(H)C=P-PtBu., E-4c) ppm;

BC{*H} NMR (400 MHz, 298 K, CsDs) only E isomer visible; 5: 197.67 (dd, Jp-c = 45.1 Hz, Jp-c = 39.2
Hz, (p-Me-Ph)(H)C=P-PtBu,, E-4c), 129.30 (d, Jr-c = 2.6 Hz, (p-Me-Ph)(H)C=P-PtBuz, m-Ca, E-4c),
126.73 (d, Jp-c = 19.5 Hz, (p-Me-Ph)(H)C=P-PtBus, 0-Car, E-4c), 33.10 (dd, Jp.c = 27.7 Hz, Jp.c = 2.5 Hz,
(p-Me-Ph)(H)C=P-P{C(CH3)s}>, E-4c), 31.15 (dd, Jpc = 13.8 Hz, Jp.c = 5.1 Hz, (p-Me-Ph)(H)C=P-
P{C(CHBa)3s}., E-4c), 20.95 (d, Jp-c = 1.0 Hz, (p-Me-Ph)(H)C=P-PtBus, E-4c) ppm;

31P{'H} NMR (400 MHz, 298 K, C¢Ds) only E isomer visible; &: 266.61 (d, Je-p = 220.8 Hz, (p-Me-
Ph)(H)C=P-PtBu., E-4c), 56.72 (d, Jr-p = 220.8 Hz, (p-Me-Ph)(H)C=P-PtBu., E-4c) ppm.
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A.2.14. Reaction of 1 with 4-(dimethylamino)benzaldehyde

Al A
i ﬁ il Ar
—N tBu —N
\oF C / 1 \ 0O | N
THF a1 T~ ‘\
N\ Ti— @ + H — A ~gu * 2 N\ Ti Ti
T/I 1> tBu /c: 7 u ril/l \O/ \N_
Bu ~
A N A
r H r Ar/
1) (4d)
Ar = 2,6-iPraCgHs not isolated

4-(dimethylamino)benzaldehyde (0.088 g, 0.591 mmol); orange-red reaction solution after 24 hours. An
oily residue obtained after evaporation of the solvent was dissolved in CsDs and investigated by NMR
spectroscopy.

31p{IH} NMR (400 MHz, CsDs, 298 K) only E isomer visible; &: 230.63 (d, Je-p = 224.9 Hz, {(Me)2N-
Ph}(H)C=P-PtBu,, E-4d), 57.72 (d, Jp-p = 224.9 Hz, {4-(Me)N-Ph}(H)C=P-PtBus, E-4d), 19.56 (s,
tBu2PH) ppm.

SIP{1H}, H, BC{*H} NMR spectra of isolated {4-(Me),N-Ph}(H)C=P-PtBu. (4d) see point A.3.14. page
33.
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A.2.15. Reaction of 1 with biphenyl-4-carboxaldehyde

/ Ar
1
\_?/\ ~ O Bu 1 - \ O | /N

f . 0 + H _THFE _ / + 7\ Ti/ Ti A\
e ir’l SN

(1) (4e)

Ar = 2,6-iPryCgH; not isolated

Biphenyl-4-carboxaldehyde (0.108 g, 0.591 mmol); dark orange reaction solution after 24 hours. An oily
residue obtained after evaporation of the solvent was dissolved in CsDe and investigated by NMR spectros-
copy.

31P{*H} NMR (400 MHz, CsDs, 298 K) only E isomer visible; : 274.76 (d, Jp-p = 224.9 Hz, PhPh(H)C=P-
PtBuy, E-4e), 57.13 (d, Jp.p = 224.9 Hz, PhPh(H)C=P-PtBus, E-4e), 19.57 (s, tBu2PH) ppm.

3IPp{1H}, H, BC{*H} NMR spectra of isolated PhPh(H)C=P-PtBu. (4e) see point A.3.15. page 34.
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A.3. General method for the phospha-Peterson reaction of tBu2P-P(SiMes)Li-3THF (2) with selected
ketones and aldehydes

Lithium salt of diphosphane Bu>P-P(SiMe3)Li-3THF (2) (0.200 g; 0.424 mmol) was dissolved in 5 mL of
toluene, and was added to following amount of the ketone or aldehyde solution in 5 mL of toluene. Each
of the presented below reaction was conducted only 1 hour, and the solution was evaporated.

A.3.1. Reaction of 2 benzophenone

tBu,P-P(SiMe;)Li-3THF +©,c© —_— c= + (Me;SiOLi),

(2) (3a)
isolated

Benzophenone (0.077 g, 0.424 mmol). The solid residue was treated with petroleum ether (10 mL), the
resulting solution was filtered, and concentrated by about half its volume. The solution was placed in -30°C,
and after three hours dark orange crystals of (Ph).C=P-PtBu> (3a) appeared (0.109 g; yield: 75 %). Mp at
85-86°C. Calculated elemental analysis (%) for C21H2sP2 (3a): C, 73.45; H, 8.51. Found: C, 73.41; H, 8.50.

1H NMR (400 MHz, CsDs, 298 K) 3: 7.70 — 7.00 (10H, (Ph),C=P-PtBus), 1.20 (d, 18H, J.i = 10.9 Hz,
(Ph).C=P-PtBuy) ppm;

13C{*H} NMR (400 MHz, C¢Ds, 298 K) &: 207.29 (dd, Jp-c = 54.5 Hz, Jp.c = 16.8 Hz, (Ph).C=P-PtBu,),
146.53 (dd, Jr-c = 23.2 Hz, Jp.c = 4.3 Hz, (Ph)2C=P-PtBuy, i-Car), 145.61 (dd, Jp-c = 13.9 Hz, Jp.c = 5.9
Hz, (Ph)2.C=P-PtBuy, i-Car), 129.70 (dd, Jr-c = 10.6 Hz, Jp.c = 6.5 Hz, (Ph).C=P-PtBu>, 0-Car), 129.29 (d,
Jr-c = 4.8 Hz, (Ph).C=P-PtBuz, 0-Car), 128.04 (d, Jr.c = 1.1 Hz, (Ph).C=P-PtBuz, p-Car), 127.32 (s,
(Ph)2C=P-PtBuz, m-Car), 127.20 (s, (Ph).C=P-PtBuz, p-Car), 127.13 (s, (Ph).C=P-PtBuz, m-Ar), 33.92 (dd,
Jr-c = 30.1 Hz, Jrc = 4.3 Hz, (Ph)2C=P-P{C(Me3)}.), 31.08 (dd, Jp.c = 14.4 Hz, Jpc = 5.4 Hz, (Ph).C=P-
P{C(Mes)}2) ppm;

31P{*H} NMR (400 MHz, CsDs, 298 K) &: 277.32 (d, Jr-p = 228.9 Hz, (Ph).C=P-PtBuy), 27.39 (d, Jpp =
228.9 Hz, (Ph).C=P-PtBu2) ppm.
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A.3.2. Reaction of 2 with 9-fluorenone

O ',:/tBu

N . ] Toluene 7/ StBu
tBu,P-P(SiMe;)Li-3THF + c —_—> C=P + (Me;SiOLi),
(2 (3b)

isolated

9-fluorenone (0.076 g, 0.424 mmol). The oily, red residue was treated with petroleum ether (10 mL), and
the resulting solution was filtered. In the next step, from the obtained filtrate, the solvent was evaporated to
dryness and red oil (0.128 g; yield 89 %) was NMR investigated. Calculated elemental analysis (%) for
C21H26P2: C, 74.10; H, 7.70 N. Found (conducted for oil): C, 73.90; H, 7.84.

IH NMR (400 MHz, Toluene-ds, 298 K) &: 9.43 — 6.76 ((fluorenyl)C=P-PtBuy), 1.07 (d, 18H, Jpn = 11.9
Hz, (fluorenyl)C=P-PtBuy) ppm;

BC{*H} NMR (400 MHz, Toluene-ds, 298 K) &: 189.46 (dd, Jp.c = 54.5 Hz, Jp.c = 10.9 Hz, (fluorenyl)C=P-
PtBuy), 143.81 (dd, Jrc = 26.3 Hz, Jp.c = 8.2 Hz, (fluorenyl)C=P-PtBuy), 141.36 (d, Jr-c = 9.1 Hz, (fluo-
renyl)C=P-PtBu.), 140.52 (dd, Jp-c = 18.6 Hz, Jp.c = 1.3 Hz, (fluorenyl)C=P-PtBu), 138.34 (d, Jr.c = 13.6
Hz, (fluorenyl)C=P-PtBuy), 129.72 (dd, Jp-c = 59.0 Hz, Jp.c = 5.4 Hz, (fluorenyl)C=P-PtBuy), 129.65 (dd,
Jr.c = 5.7 Hz, Jpc = 3.9 Hz, (fluorenyl)C=P-PtBuy), 121.38 (d, Jr-.c = 25.4 Hz, (fluorenyl)C=P-PtBu,),
34.99 (dd, Jp-c =27.9 Hz, Jp.c = 3.1 Hz, (fluorenyl)C=P-P{C(Me3)}.), 30.77 (dd, Jp.c = 14.1 Hz, Jpc =5.3
Hz, (fluorenyl)C=P-P{C(Me3)}.) ppm;

$1P{1H} NMR (400 MHz, Toluene-ds, 298 K) &: 297.17 (d, Jp-p = 228.4 Hz, (fluorenyl)C=P-PtBu,), 9.57
(d, Jp-p = 228.4 Hz, (fluorenyl)C=P-PtBu,) ppm.
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A.3.3. Reaction of 2 with 4-cyanobenzophenone

i
tBu,P-P(SiMe3)Li-3THF + O/CO
i

(2) (3c)

Tol i
oluene c=p’ "tBu , (Me;SiOLi),

isolated

4-cyanobenzophenone 0.088 g, 0.424 mmol. The solid residue was treated with toluene (10 mL), and the
resulting solution was filtered. During concentrating on the Schlenk appeared pale red crystals; therefore,
the solution was left at room temperature for 24 hours. After this time a lot of crystals appeared, and were
characterized as (Ph)(4-CN-Ph)C=P-PtBu> (3c) (0.100 g; yield: 65 %). Mp at 92-93°C. Calculated elemental
analysis (%) for C22H27NP2 (3¢): C, 71.72; H, 7.66; N, 3.80. Found: C, 71.68 ; H, 7.61; N, 3.82.

IH NMR (400 MHz, CsDs, 298 K) &: 7.50 - 6.70 (10H, (Ph)(4-CN-Ph)C=P-PtBuy), 1.14 (d, 18H, Jp.ni =
10.9 Hz, (Ph)(4-CN-Ph)C=P-PtBuz, E-3c), 1.10 (d, 18H, Jex = 10.9 Hz, (Ph)(4-CN-Ph)C=P-PtBus2, Z-3¢)
ppm;

13C{*H} NMR (400 MHz, CsDs, 298 K) &: 204.62 (dd, Jp.c = 54.4 Hz, Jp.c = 16.8 Hz, (Ph)(4-CN-Ph)C=P-
PtBuz, E-3c), 204.40 (dd, Jp-c = 55.5 Hz, Jp.c = 17.1 Hz, (Ph)(4-CN-Ph)C=P-PtBuz, Z-3c), 149.57 (dd, Jp-
¢ = 24.1 Hz, Jp.c = 3.7 Hz, (Ph)(4-CN-Ph)C=P-PtBUs, i-Car), Z-3c), 149.34 (dd, Jp-c = 13.7 Hz, Jp.c = 6.2
Hz, (Ph)(4-CN-Ph)C=P-PtBU, i-Car, E-3¢), 145.21 (dd, Jp.c = 22.1 Hz, Jo-c = 4.2 Hz, (Ph)(4-CN-Ph)C=P-
PtBuz, i-Car, E-3c), 144.56 (dd, Jp.c = 20.1 Hz, Jpc = 5.6 Hz, (Ph)(4-CN-Ph)C=P-PtBuy, i-Car, Z-3¢),
13158 (d, Jpc = 1.0 Hz, (Ph)(4-CN-Ph)C=P-PtBus, p-Ar, Z-3c), 131.24 (s, (Ph)(4-CN-Ph)C=P-PtBuy, o-
Car, E-3c), 130.00 (dd, Jp-c = 6.6 Hz, Jp.c = 4.1 Hz, (Ph)(4-CN-Ph)C=P-PtBus, 0-Car, Z-3c), 129.72 (d, Jr-
¢ = 4.8 Hz, (Ph)(4-CN-Ph)C=P-PtBu,, 0-Car, E-3c), 129.44 (dd, Jr.c = 6.5 Hz, Jp.c = 4.2 Hz, (Ph)(4-CN-
Ph)C=P-PtBuy, 0-Car, E-3c), 128.24 (d, Jp-c = 0.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu,, p-Car, E-3c), 127.33 (s,
(Ph)(4-CN-Ph)C=P-PtBuz, m-Car, Z-3c), 127.13 (s, (Ph)(4-CN-Ph)C=P-PtBuz, m-Car, Z-3c), 126.93 (s,
(Ph)(4-CN-Ph)C=P-PtBuz, m-Car, E-3c), 126.73 (s, (Ph)(4-CN-Ph)C=P-PtBu, m-Car, E-3c), 118.64 (s,
(Ph)(4-CN-Ph)C=P-PtBuz, m-Car, Z-3¢), 110.67 (s, (Ph)(4-CN-Ph)C=P-PtBuz, m-Car, E-3c), 34.15 (dd,
Jp.c =30.2 Hz, Jp.c = 4.1 Hz, (Ph)(4-CN-Ph)C=P-P{C(Me3)}2, E-3c), 34.04 (dd, Jp.c =29.5 Hz, Jpc = 4.1
Hz, (Ph)(4-CN-Ph)C=P-P{C(Me3)}., Z-3c), 30.99 (dd, Jr-c = 14.3 Hz, Jp.c = 5.6 Hz, (Ph)(4-CN-Ph)C=P-
P{C(Me3)}, E-3c), 30.98 (dd, Jp-c = 14.2 Hz, Jp.c = 5.3 Hz, (Ph)(4-CN-Ph)C=P-P{C(Me3)}2, Z-3c) ppm;

31P{I1H} NMR (400 MHz, CsDs, 298 K) &: 303.89 (d, Jr-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu,, E-3c),
286.27 (d, Jp.p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBuz, Z-3c), 28.96 (d, Jpp = 228.9 Hz, (Ph)(4-CN-
Ph)C=P-PtBus, E-3c), 27.77 (d, Jp-» = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBuz, Z-3c) ppm.
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A.3.4. Reaction of 2 with 4,4’-dicyanobenzophenone

O\
C

o

Toluene _

tBuyP-P(SiMe3)Li-3THF +© O =p” “tBu + (Me3SiOLi),
TS

% S
N” N

(2) (3d)

isolated

4,4’-dicyanobenzophenone (0.098 g, 0.424 mmol). The solid residue was treated with toluene (10 mL), and
the resulting solution was filtered. The solution was concentrated to 2 mL, and 0.5 mL of pentane was
added. The solution was stored at +4 °C for 24 hours. During this time dark red crystals appeared and were
characterized as (4-CN-Ph)>C=P-PtBu> (3d) (0.118 g; yield: 71 %). Mp at 158-159°C. Calculated elemental
analysis (%) for C2ss5H30N2P2 (3d): C, 71.92; H, 7.41; N, 3.81. Found: C, 71.84; H,7.36; N, 3.88.

'H NMR (400 MHz, C¢Dg, 298 K) &: 7.13 (broad s, aromatic protons of toluene), 7.10 — 6.55 ppm (8H, (4-
CN-Ph),C=P-PtBuy), 1.05 (d, 18H, Jp.n = 11.4 Hz, (4-CN-Ph),C=P-PtBu,) ppm;

13C{*H} NMR (400 MHz, CgDs, 298 K) &: 201.99 (dd, Jp-c = 55.6 Hz, Jp.c = 17.6 Hz, (4-CN-Ph),C=P-
PtBuy), 147.89 (dd, Jr-c = 23.0 Hz, Jp.c = 4.0 Hz, (4-CN-Ph),C=P-PtBu, i-Car), 137.53 (s, toluene, i-Ca),
131.67 (d, Jr-c = 1.0 Hz, (4-CN-Ph),C=P-PtBuz, m-Ca), 131.36 (5, (4-CN-Ph),C=P-PtBuz, m-Car), 129.67
(dd, Jp.c =6.7 Hz, Jp.c =4.2 Hz, (4-CN-Ph)>C=P-PtBuz, 0-Car), 129.47 (s, toluene, 0-Car), 128.20 (toluene,
m-Car), 126.75 (d, Jp-c = 20.2 Hz, (4-CN-Ph)C=P-PtBu,, 0-Car), 125.33 (s, toluene, p-Car), 118.27 (s, (4-
CN-Ph),C=P-PtBuy), 111.64 (s, (4-CN-Ph),C=P-PtBu,, 0-Ca), 34.26 (dd, Jp.c = 29.4 Hz, Jrc = 3.9 Hz,
(4-CN-Ph),C=P-P{C(Me)z}>), 30.91 (dd, Jp.c = 14.2 Hz, Jp.c = 5.3 Hz, (4-CN-Ph).C=P-P{C(Me)3}>),
21.06 (s, methyl group of toluene) ppm;

P{'H} NMR (400 MHz, CsDs, 298 K) 6: 311.26 (d, Jp-p = 232.5 Hz, (4-CN-Ph);C=P-PtBuy), 29.40 (d,
Jrp = 232.5 Hz, (4-CN-Ph),C=P-PtBuz) ppm.
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A.3.5. Reaction of 2 with 4,4’-dimethoxybenzophenone

Me
\

(o)

o 5 .
I o
tBu,P-P(SiMe;)Li-3THF + c Joluene _ c=p’ “tBu + (Me3SiOLi),
O, S

Me” Me

Me
(2) (3e)

isolated
4,4’-dimethoxybenzophenone (0.143 g, 0.591 mmol). The slightly oily residue was treated with pentane
(15 mL), and the resulting mixture was filtered. The solution was concentrated to 5 mL and stored at -23
°C for 24 hours. During this time orange crystals grown and were characterized as (4-MeO-Ph),C=P-PtBu>
(3e) (0.119 g; yield: 70 %). Mp at 32-33°C. Calculated elemental analysis (%) for C2s5H30N2P2 (3¢): C,
71.92; H, 7.41; N, 3.81. Found: C, 71.84; H,7.36; N, 3.88.

1H NMR (400 MHz, CeDs, 298 K) : 7.65 (dd, 2H, Jp+ = 8.9 Hz, Jon = 2.69 Hz, (4-MeO-Ph),C=P-PtBus,
0-Har), 7.18 (dd, 2H, Jot = 8.9 Hz, Jp.i = 1.13 Hz, (4-MeO-Ph),C=P-PtBuz, 0-Har), 6.75 (d, 2H, Jp.xi = 8.7
Hz, (4-MeO-Ph),C=P-PtBuz, m-H), 6.64 (d, 2H, Jp.n = 9.3 Hz, (4-MeO-Ph),C=P-PtBuz, m-Ha), 3.23 (s,
3H, (4-MeO-Ph);C=P-PtBUy), 3.20 (5, 3H, (4-MeO-Ph),C=P-PtBu2), 1.24 (d, 18H, Jp++ = 11.8 Hz, (4-MeO-
Ph),C=P-PtBuy) ppm;

13C{!H} NMR (400 MHz, CeDs, 298 K) &: 206.36 (dd, Jp.c = 55.0 Hz, Jp.c = 16.1 Hz, (4-MeO-Ph),C=P-
PtBu,), 161.39 (d, Jp.c = 4.4 Hz, (4-MeO-Ph),C=P-PtBuy, i-Car), 159.31 (s, (4-MeO-Ph),C=P-PtBuy, i-
Car), 140.25 (dd, Jp.c = 24.2 Hz, Jp.c = 4.4 Hz, (4-MeO-Ph)>C=P-PtBuy, i-Car), 138.47 (dd, Jr.c = 13.9 Hz,
Jp-c = 5.1 Hz, (4-MeO-Ph),C=P-PtBus, i-Car), 131.40 (dd, Jp-c = 5.8 Hz, Jp.c = 4.5 Hz, (4-MeO-Ph),C=P-
PtBu2, 0-Car), 128.98 (d, Jr-c = 19.8 Hz, (4-MeO-Ph),C=P-PtBuz, 0-Car)), 113.44 (s, (4-MeO-Ph),C=P-
PtBuz, m-Car), 112.86 (s, (4-MeO-Ph),C=P-PtBuz, m-Car), 54.49 (s, (4-MeO-Ph).C=P-PtBu.), 54.32 (s,
(4-MeO-Ph),C=P-PtBuy), 33.96 (dd, Jp-c = 30.1 Hz, Joc = 4.4 Hz, (4-MeO-Ph),C=P-P{C(CH2)}2), 31.13
(dd, Jp-c = 14.7 Hz, Jp.c = 5.1 Hz, (4-MeO-Ph),C=P-P{C(CH?3)}.) ppm;

31P{*H} NMR (400 MHz, CsDs, 298 K) &: 258.28 (d, Jpp = 228.9 Hz, (4-MeO-Ph),C=P-PtBuy), 28.28 (d,
Jr-p = 228.9 Hz, (4-MeO-Ph),C=P-PtBu;) ppm.
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A.3.6. Reaction of 2 with tert-butyl phenyl ketone

C Qe
i : Il Toluene — .7 NBu
tBu,P-P(SiMe;)Li-3THF + ©/C\|< —_— c=

(2) (3)

+ (Me3SiOLi),

isolated

tert-butyl phenyl ketone (0.071 mL, 0.424 mmol, 0.970 g/mL). The yellow oily residue was treated with
pentane (10 mL), and the resulting solution was filtered. From the resulting filtrate, the solvent was evapo-
rated under reduced pressure to give an intensive yellow oil characterized as /Bu(Ph)C=P-PsBu, (3f). After
1 month the oil crystalized and the yellow crystals of 3f were isolated (0.098 g; yield: 72 %). Calculated
elemental analysis (%) for C19H32P> (3f): C, 70.78; H, 10.00; Found: C, 70.69; H, 10.22.

'H NMR (400 MHz, Toluene-ds, 298 K) &: 7.57 — 6.81 (5H, tBu(Ph)C=P-PrBu>), 1.29 (d, 9H, Jp.u = 1.9
Hz, Bu(Ph)C=P-PtBuy, Z-3f); 1.17 (d, 18H, Jp.n = 10.7 Hz, tBu(Ph)C=P-PtBu,, Z-3f) ppm;

13C{IH} NMR (400 MHz, Toluene-ds, 298 K) &: 225.56 (dd, Jp.c = 62.0 Hz, Jp.c = 16.5 Hz, tBu(Ph)C=P-
PtBU, Z-3f), 145.71 (dd, Jpc = 13.8 Hz, Jec = 8.9 Hz, tBU(Ph)C=P-PtBU; (i-Ca), Z-3f), 129.42, (s,
tBU(Ph)C=P-PtBU> (p-Car), Z-3f), 128.08 (dd, Jp-c = 8.2 Hz, Jpc = 2.7 Hz, tBu(Ph)C=P-PtBU, (0-Ca), Z-
3f), 127.00 (s, Joc = 3.6 Hz, tBU(Ph)C=P-PtBuz (M-Cay), Z-3f), 44. 18 (dd, Jp.c = 21.6 Hz, Joc = 3.2 Hz,
{(CH3)3C}(Ph)C=P-P{C(CH3)3}., Z-3f), 32.93 (dd, Jr.c = 30.2 Hz, Jrc = 5.0 Hz, {(CH3)3C}(Ph)C=P-
P{C(CHs)s}2, Z-3f), 31.19 (dd, Jr.c = 14.53 Hz, Jr.c = 5.3 Hz, {(CH3):C}(Ph)C=P-P{C(CHz)3}2, Z-3f),
30.66 (d, Jp.c = 15.0 Hz, {(CH3):C}(Ph)C=P-P{C(CHs)s}2, Z-3f) ppm:

31P{'H} NMR (400 MHz, Toluene-ds, 298 K) &: 265.96 (d, Je-r = 216.9 Hz, tBu(Ph)C=P-PtBu,, Z-3f),
261.05 (d, Jr-p = 230.4 Hz, tBu(Ph)C=P-PtBuy, E-3f), 21.31 (d), Jp-r = 216.9 Hz, tBu(Ph)C=P-PtBu,, Z-
3f), 16.15 (d, Jr-r = 230.4 Hz, tBu(Ph)C=P-PtBu,, E-3f) ppm.
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A.3.7. Reaction of 2 with acetone

/Li(THF)3

(|)| Toluene o
BuzP-P(SiMes)Li-3THF + ¢ —g——2 tBuP-P(SiMegH + |
N THREC N

(2)

Acetone (0.031 mL, 0.424 mmol, 0.784 g/mL). The pale yellow oily residue was treated with CsDs and
NMR investigated.

'H NMR (400 MHz, Toluene-ds, 298 K) &: 3.86 and 3.82 (broad t, 2H, (Me)(CH2=)C-OLi(THF)3), 3.51
(quint., THF protons), 2.40 (d, 3 H, Jp.v = 10.5 Hz, (Me),C=P-PtBuy), 2.13 (d, 3 H, Jr.n = 20.4 Hz,
(Me).C=P-PtBu;, 3g), 1.94 (broad s, 3H, (Me)(CH2=)C-OLi(THF)3), 1.86 (s, 6H, Me.C=0), 1.43 (broad
d, 18 H, Jr.n = 10.4 Hz, tBuzP-P(SiMe3z)Li), 1.39 (quint., THF protons), 1.38 (dd, 1H, Jp.x = 187.2 Hz, Jp.
H = 2.5 Hz, tBu2P-P(SiMes)H), 1.16 (d, 18 H, Jp.n = 14.2 Hz, (Me).C=P-PtBuz, 3g), 1.09 (dd, 18 H, Jp.1 =
11.2 Hz, Jp-+ = 0.5 Hz, tBu2P-P(SiMe3)H), 0.46 (broad s, 9 H, tBu-P-P(SiMe3)Li), 0.20 (dd, 9 H, Jp.n = 4.1
Hz, Jp.n = 0.6 Hz, tBu2P-P(SiMes)H) ppm.

13C{'H} NMR (400 MHz, Toluene-ds, 298 K) &: 164.47 (s, (Me)(CH2=)C-OLi(THF)3), 137.06, 128.45,
127.55, 124.71 and 20.03 (Tolene-dg), 81.81 (s, (Me)(CH>=)C-OLi(THF)3), 67.59 (s, THF), 34.57 (s,
Me>C=0), 32.23 (broad dd, J.c = 29.8 Hz, Jp.c = 9.9 Hz, {(CH3)sC}P-P(SiMes)Li), 31.80 (dd, Jp.c = 14.9
Hz, Jr.c = 2.5 Hz, {(CH3)3C}P-P(SiMe3)Li), 30.82 (broad dd, Jr-c = 22.4 Hz, Jp.c = 9.9 Hz, {(CH3)3C}P-
P(SiMes)H), 30.19 (dd, Jr-c = 14.9 Hz, Jp.c = 7.5 Hz, {(CHz)sC}P-P(SiMes)H), 26.06 (s, (Me)(CH.=)C-
OLIi(THF)3), 25.34 (s, THF), 5.66 (broad dd, Jp-c = 9.9 Hz, Jpc = 7.5 Hz, tBu2P-P(SiMes)Li), 1.03 (dd, Jp-
¢ =9.9 Hz, Jp.c = 4.9 Hz, tBu2P-P(SiMes)H) ppm.

3LP{!H} NMR (400 MHz, Toluene-dg, 298 K) &: 235.53 (d, Jp-» = 228.9 Hz, (Me),C=P-PtBuy, 3g), 46.57
(d, Jp-p = 278.4 Hz, tBuP-P(SiMes)Li), 23.07 (d, Jr-p = 228.9 Hz, (Me)2C=P-PtBu>, 3g), and 19.02 (d, Jp.
» = 188.7 Hz, tBuP-P(SiMes)H), -197.35 (d, Jp.p = 188.7 Hz, tBusP-P(SiMes)H), -245.14 (d, Jr-p = 278.4
Hz, Bu,P-P(SiMes)Li) ppm.
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A.3.8. Reaction of 2 with cyclohexanone

Li(THF);3
i J

. . Toluene |
tBu,P-P(SiMe3)Li-3THF + _C = —— tBu,P-P(SiMe;)H + _C

9 9

Cyclohexanone (0.044 mL, 0.424 mmol, 0.948 g/mL). The almost colorless oily residue was treated with
CeDs and NMR investigated.

(2)

'H NMR (400 MHz, Toluene-ds, 298 K) &: 4.49 (broad s, (cyclo-CH2CH2CH2CH2CH=C)OLi(THF)3), 3.63
(quintet, 12H, (cyclo-CH.CH,CH>CH.CH=C)OLIi(THF)3), 1.85 (broad m, 2 H, (cyclo-
CH2CH2CH2CH2CH=C)OLIi(THF)3), 1.74 (broad m, 2H, (cyclo-CH,CH>CH>CH,CH=C)OLIi(THF)3), 1.52
, (quintet, 12H, (cyclo-CH2CH2CH,CH,CH=C)OLIi(THF)3), 1.48 (dd, 1H, Jp.4 = 188.4 Hz, Jp-n = 2.5 Hz,
tBuzP-P(SiMes)H), 1.30 (broad m, 4H, (cyclo-CH.CH>CH>CH>CH=C)OLIi(THF)3), 1.20 (d, 18H, Jp.n =
11.4 Hz, tBu,P-P(SiMes)H), 0.31 (dd, 9H, Jp-x = 4.2 Hz, Jp.1 = 0.6 Hz, tBu2P-P(SiMe3z)H) ppm;

13C{*H} NMR (400 MHz, Toluene-ds, 298 K) &: 159.32 (s, (cyclo-CH,CH,CH>CH,CH=C)OLIi(THF)s,
137.06, 128.45, 127.55 (toluene-dg), 89.53 (broad s, (cyclo-CH2CH2CH2CH,CH=C)OLIi(THF)3), 33.56 (s,
(cyclo-CH,CH2CH2CH2CH=C)OLi(THF)3), 31.21 (dd, Jp.c = 32.3 Hz, Joc = 13.7 Hz, {(CHzs)sC}2P-
P(SiMe3)H), 30.18 ppm, (dd, Jp-c = 14.9 Hz, Jp.c = 6.2 Hz, {(CH3)3C}.P-P(SiMe3)H), 25.59 (s, (cyclo-
CH2CH2CH2CH2CH=C)OLIi(THF)3), 24.95 (s, (cyclo-CH2,CH2CH2CH,CH=C)OLIi(THF)3), 24.41 (s, (cy-
clo-CH2CH2CH>CH2CH=C)OLIi(THF)3), 20.03 (toluene-ds), 1.01 (dd, Jp-c = 9.9 Hz, Jp.c = 4.9 Hz, tBu2P-
P(SiMes)H) ppm;

$1P{IH} NMR (400 MHz, Toluene-ds, 298 K) &: 19.06 (d, Jp-p = 188.7 Hz, tBuzP-P(SiMes)H), -197.24 (d,
Jpp = 188.7 Hz, tBu2P-P(SiMe3z)H) ppm.
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A.3.9. Reaction of 2 with acetophenone

Li(THF
/ i(THF)3

(0)
I Toluene

|
tBu,P-P(SiMe;)Li-3THF + C ——— tBu,P-P(SiMes)H + Cs

(2)

Acetophenone (0.050 mL, 0.424 mmol, 1.030 g/mL). The pale yellow oily residue was treated with C¢Ds
and NMR investigated.

IH NMR (400 MHz, Toluene-dg, 298 K) &: 7.93 (dd, 2H, it = 9.2 Hz, Jun = 1.1 Hz, (Ph)(CH»=)C-
OLi(THF)3, m-Har), 7.15 (t, 2H, Ju-+ = 7.5 Hz, (Ph)(CH2=)C-OLIi(THF)3, 0-Har), 7.00 (t, 1H, Ju-H = 7.5
Hz, (Ph)(CH2=)C-OLi(THF)s, p-Har), 4.59, 4.29 (s, 2H, (Ph)(CH,=)C-OLi(THF)3), 3.44 (quintet, 12H,
(Ph)(CH2=)C-OLi(THF)3), 1.38 (dd, 1H, Jp.r = 187.2 Hz, Jo.n = 2.4 Hz, tBu2P-P(SiMes)H), 1.28 (quintet,
12H, (Ph)(CH2=)C-OLi(THF)3), 1.09 (d, 18H, Jp-n = 11.2 Hz, tBu2P-P(SiMes)H), 0.21 (d, 9H, Jp.n = 4.2
Hz, tBu,P-P(SiMes)H ppm;

13C{'H} NMR (400 MHz, Toluene-ds, 298 K) &: 165.92 (s, (Ph)(CH2=)C-OLi(THF)s, i-Car), 144.23 (s,
(Ph)(CH2=)C-OLi(THF)s, i-Ca), 137.06, 128.46, 127.56 (toluene-ds), 127.56, (s, (Ph)(CH.=)C-
OLi(THF)s, 0-Car), 126.29 (s, (Ph)(CH2=)C-OLi(THF)s, p-Car), 125.98 (s, (Ph)(CH2=)C-OLi(THF)s, m-
Car), 124.72 (toluene-ds), 80.39 (s, (Ph)(CH2=)C-OLi(THF)3), 67.47 ((Ph)(CH2=)C-OLi(THF)3), 25.23
((Ph)(CH.=)C-OLi(THF)3), 20.04 (toluene-ds), 4.67 (dd, Jo.c = 10.4 Hz, Jp.c = 5.2 Hz, {(CHs)C}P-
P(SiMe3)H) ppm;

31p{1H} NMR (400 MHz, 298 K, Toluene-ds) &: 263.61 (d, Jp-p = 234.9 Hz, (Ph)MeC=P-PtBu, E-3i),
21.89 (d, Jp-p = 234.9 Hz, (Ph)MeC=P-PtBu, E-3i), 19.07 (d, Jr-p = 188.7 Hz, tBu2P-P(SiMes)H), -197.30
(d, Jp-p = 188.7 Hz, tBu2P-P(SiMes)H) ppm.
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A.3.10. Reaction of 2 with cyclopropyl methyl ketone

Li(THF),3

/
(0] o)
Il Toluene |
C —» tBu,P-P(SiMe;3)H +

i i .
tBu,P-P(SiMe;)Li-3THF C ,C§0H2

(2

Cyclopropyl methyl ketone (0.042 mL, 0.424 mmol, 0.849 g/mL). The almost colorless, oily residue, was
treated with C¢De and NMR investigated.

'H NMR (400 MHz, Toluene-ds, 298 K) &: 3.79 (broad s, 2H, (cyclo-CH>CH,CH)(CH,=)C-OLi(THF)3),
3.76  (quintet, 12H, (cyclo-CH.CH2CH)(CH2=)C-OLi(THF)3) 2.13  (sept., 1H, (cyclo-
CH,CH,CH)(CH2=)C-OLi(THF)3), 1.52 (quintet, 12H, (cyclo-CH,CH,CH)(CH»=)C-OLi(THF)3), 1.50
(dd, 1H, Jp-x = 188.3 Hz, Jp.u = 2.7 Hz, tBuxP-P(SiMe3)H), 1.21 (d, 18H, 1H, Jp.u = 11.4 Hz, BusP-
P(SiMes)3), 0.79 (broad m, 2H, (cyclo-CH,CH>CH)(CH>=)C-OLi(THF)3), 0.55 (broad m, 2H, (cyclo-
CH>CH>CH)(CH2=)C-OLi(THF)3) ppm;

13C{*H} NMR (400 MHz, Toluene-ds, 298 K) &: 174.14 (s, (cyclo-CHCH,CH)(CH>=)C-OLi(THF)3),
142.07, 133.46, 132.56, 129.72 (toluene-dsg), 80.4 (s, (cyclo-CH.CH2CH)(CH,=)C-OLi(THF)3), 72.49 (s,
(evelo-CH,CH2CH)(CH2=)C-OLi(THF)s), 37.02 (broad d, Je-c = 34.5 Hz, {(CH3)C}2P-P(SiMes)H), 35.18
(dd, Je.c = 30.2 Hz, Jp-c = 5.4 Hz, {(CH3)C}2P-P(SiMe3)H), 30.40 (s, (cyclo-CH,CH,CH)(CH>=)C-
OLi(THF)s), 25.03 (tolene-dg), 22.93 (s, (cyclo-CH2CH>CH)(CH2=)C-OLi(THF)s), 10.10 (s, (cyclo-
CH>CH,CH)(CH2=)C-OLi(THF)3), 7.82 ppm, (dd, Jp.c = 10.4 Hz, Jp.c = 5.1 Hz, {(CH3)C}.P-P(SiMes)H)
ppm;

31P{'H} NMR (400 MHz, Toluene-ds, 298 K) &: 19.01 (d, Jp-p = 188.9 Hz, tBu,P-P(SiMes)H), -197.35 (d,
Jrp = 188.9 Hz, tBu2P-P(SiMe3z)H) ppm.
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A.3.11. Reaction of 2 with isobutyraldehyde

0 tBu
’

_ ) Il Toluene < / “MBu -
Bu,P-P(SiMes)Li-3THF + Coy— > ¢= + (Me3SiOLi),
Y ]

(2) (4a)

isolated

Isobutyraldehyde (0.039 mL, 0.424 mmol, 0.790 g/mL). The yellow oily residue was treated with pentane
(10 mL), and the resulting solution was filtered. From the resulting filtrate, the solvent was evaporated
under reduced pressure to give a yellow oil characterized as {(Me).CH}(H)C=P-PtBu; (4a) (0.075 g; 76
%).

31P{1H} NMR (400 MHz, Toluene-ds, 298 K) &: 254.78 (d, Jp.p = 220.8 Hz, {(Me)2CH}(H)C=P-PtBuy, E-
4a), 249.85 (d, Jop = 212.8 Hz, {(Me),CH}H)C=P-PtBu,, Z-4a), 52.83 (d, Jpp = 220.8 Hz,
{(Me);CH}H)C=P-PtBu, , E-4a), 19.47 (s, tBuzPH), 18.98 (d, Jr.p = 188.7 Hz, tBuzP-P(SiMes)H), 12.65
(d, Jp-p = 212.8 Hz, {(Me)2CH}(H)C=P-PtBu,, Z-4a), -197.35 (d, Jp-» = 188.7 Hz, tBu,P-P(SiMes)H) ppm.

The *H and *C{*H} NMR were analogical to these obtained in the reaction of 1 with isobutyraldehyde (see
point A.2.11. page 15).
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A.3.12. Reaction of 2 with cyclohexanecarbaldehyde

o]

/tBu
Il Toluene

H’\
tBu2‘>_»;A(siMe3)Li.3THF+O/C\H—> C=:/ Bu (Me3SiOLi),
/
H

(2 (4b)

isolated

Cyclohexanecarbaldehyde (0.051 mL, 0.424 mmol, 0.926 g/mL). The yellow oily residue was treated with
pentane (10 mL), and the resulting solution was filtered. From the resulting filtrate, the solvent was evapo-
rated under reduced pressure to give a yellow oil characterized as {cyclo-(CH2)sCH}(H)C=P-PtBu. (4b)
(0.072 g; 62 %).

31P{*H} NMR (400 MHz, C¢Ds, 298 K) &: 256.37 (d, Jp-p = 220.8 Hz, {cyclo-(CH2)4CH}(H)C=P-PtBug,
E-4b), 251.56 (d, Jr» = 212.8 Hz, {cyclo-(CH2)4sCH}(H)C=P-PtBu,, Z-4b), 53.16 (d, Jr-» = 220.8 Hz,
{cyclo-(CH2)sCH}(H)C=P-PtBuz, E-4b), 13.03 (d, Jr-p = 212.8 Hz, {cyclo-(CH2)4CH}(H)C=P-PtBuz, Z-
4b) ppm.

The H and BC{*H} NMR were analogical to these obtained in the reaction of 1 with cyclohexanecarbal-
dehyde (see point A.2.12. page 16).

31



A.3.13. Reaction of 2 with p-tolualdehyde

0 tBu
. ] Il Toluene 4 o
tBu,P-P(SiMes)Li-3THF ;@/cm _— o’ Bu + (MesSioL,
);
H

(2) (4c)

isolated

p-Tolualdehyde (0.050 mL, 0.424 mmol, 1.019 g/mL). The yellow oily residue was treated with pentane
(10 mL), and the resulting solution was filtered. From the resulting filtrate, the solvent was evaporated
under reduced pressure to give an intensive yellow oil characterized as (p-Me-Ph)(H)C=P-PtBu> (E-4c)
(0.089 g; 75 %).

31P{'H} NMR (400 MHz, CsDs, 298 K) &: 266.64 (d Jp-p = 220.8 Hz, (p-Me-Ph)(H)C=P-PtBuy, 4c_E),
56.69 (d, Jp-p = 220.8 Hz, (p-Me-Ph)(H)C=P-PtBua, 4c_E), 19.13 (d, Jp-p = 188.9 Hz, tBu2P-P(SiMe3)H, -
197.20 (d, Jr-r = 188.9 Hz, tBu2P-P(SiMes)H) ppm.

The H and BC{*H} NMR were analogical to these obtained in the reaction of 1 with p-Tolualdehyde (see
point A.2.13. page 17).
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A.3.14. Reaction of 2 with 4-(dimethylamino)benzaldehyde

—N

o
) ) 1] Toluene — /' “Bu o
tBu,P-P(SiMes)Li-3THF +/©’C"H —_— > c= + (Me;SiOLi),
H
N

(2) (4d)

isolated

4-(dimethylamino)benzaldehyde (0.063 g, 0.424 mmol). The solid, intensive yellow residue was treated
with pentane (15 mL), and the resulting solution was filtered. The solution was concentrated to 10 mL. The
solution was stored at room temperature for 24 hours. During this time bright yellow crystals appeared and
were characterized as {4-(Me)2N-Ph}(H)C=P-PtBu. (E-4d) (0.100 g; yield: 76 %). Mp at 115-116°C. Cal-
culated elemental analysis (%) for C17H20NP2 (E-4d): C, 66.00; H, 8.45; N, 4.53. Found: C, 65.92; H, 9.38;
N, 4.59.

IH NMR (400 MHz, CeDe, 298 K) &: 10.14, (dd, 1H, Jp.n = 21.8 Hz, Jpo = 14.4 Hz, {4-(Me):N-
Ph}(H)C=P-PtBuz, E-4d), 7.60, (dd, 2H, Jp- = 9.2 Hz, Jp.tt = 2.6 Hz, {4-(Me)2N-Ph}(H)C=P-PtBu>, 0-
Har, E-4d), 6.21, (d, 2H, Jo = 8.9 Hz, {4-(Me)2N-Ph}(H)C=P-PtBu, m-Ha,, E-4d), 2.22 (s, 6H, {4-
(Me)2N-Ph}(H)C=P-PtBu, E-4d), 1.25 (d, 18H, Jp-n = 11.1 Hz, {4-(Me)2N-Ph}(H)C=P-PtBu,, E-4d)
ppm;

13C{1H} NMR (400 MHz, CsDs, 298 K) &: 197.40 (dd, Jpc = 46.3 Hz, Jpc = 39.9 Hz, {4-(Me).N-
Ph}(H)C=P-PtBuz, E-4d), 151.20 (d, Jp.c = 5.5 Hz, {4-(Me)2N-Ph}(H)C=P-PtBus, p-Ca:, E-4d), 131.49
(dd, Jp-c = 16.3 Hz, Jp-c = 11.8 Hz, {4-(Me)2N-Ph}(H)C=P-PtBu,, i-Car, E-4d), 128.56 (d, Jp.c = 19.9 Hz,
{4-(Me)2N-Ph}(H)C=P-PtBuz, 0-Car, E-4d), 111.60 (d, Jp.c = 19.9 Hz, {4-(Me)2N-Ph}(H)C=P-PtBuz, m-
Car, E-4d), 39.22 (s, {4-(Me)2N-Ph}(H)C=P-PtBuz, E-4d), 33.04 (dd, Jp-c = 22.7 Hz, Jp-c = 1.8 Hz, {4-
(Me)2N-Ph}(H)C=P-P{C(Me)s}2, E-4d), 31.32 (dd, Jr-c = 13.6 Hz, Jp-c = 5.5 Hz, {4-(Me)sN-Ph}(H)C=P-
P{C(Me)s}., E-4d) ppm;

3P{IH} NMR (400 MHz, CéDs, 298 K) &: 231.17 (d, Jp-p = 224.9 Hz, {4-(Me)2N-Ph}(H)C=P-PtBuz, E-
4d), 57.73 (d, Jp-p = 224.9 Hz, {4-(Me):N-Ph}(H)C=P-PtBus, E-4d) ppm.
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A.3.15. Reaction of 2 with biphenyl-4-carboxaldehyde

)
: O

Il Toluene 7 NMBu +

: o
(2) (4e)

isolated

tBu,P-P(SiMe3)Li-3THF + (Me;SiOLi),

Biphenyl-4-carboxaldehyde (0.077 g, 0.424 mmol). The solid, residue was treated with pentane (15 mL),
and the resulting solution was filtered. The solution was concentrated to 8 mL. The solution was stored at
+4°C for 24 hours. During this time orange crystals appeared and were characterized as PhPh(H)C=P-PtBu>
(E-4e) (0.122 g; yield: 84 %). Mp at 134-135°C. Calculated elemental analysis (%) for C21H2gP2 (4e): C,
73.66; H, 8.24. Found: C, 73.61; H, 8.18.

'H NMR (400 MHz, CeDs, 298 K) 8: 10.16 (dd, 1H, Jpr = 22.5 Hz, Jp-x = 13.4 Hz, PhPh(H)C=P-PtBuy),
7.67 —7.04 (9H, aromatic protons, PhPh(H)C=P-PtBu,, E-4e), 1.28 (d, 18 H, Jp.1 = 11.1 Hz, PhPh(H)C=P-
PtBuy, E-4e) ppm;

BC{*H} NMR (400 MHz, CeDs, 298 K) &: 196.94 (dd, Jp-c = 44.9 Hz, Jp-c = 39.5 Hz, PhPh(H)C=P-PtBuy,
E-4e), 142.24 (d, Jp.c = 7.18 Hz, PhPh(H)C=P-PtBuy, i-Car, E-4e), 140.47 (d, Jp.c = 1.5 Hz, PhPh(H)C=P-
PtBu, i-Car, E-4€), 140.46 (dd, Jp-c = 15.8 Hz, Jp-c = 12.4 Hz, PhPh(H)C=P-PtBUy, i-Car, E-4€), 128.72
(s, PhPh(H)C=P-PtBuy, E-4e), 127.34 (s, PhPh(H)C=P-PtBuz, 0-Car, E-4e), 127.28 (d, Jp-c = 2.6 Hz,
PhPh(H)C=P-PtBu2, 0-Car, E-4€), 126.90 (s, PhPh(H)C=P-PtBuz, m-Car, E-4e), 33.21 (dd, Jp.c = 27.7 Hz,
Jp.c = 2.27 Hz, PhPh(H)C=P-P{C(CHa)3}, E-4e), 31.18 (dd, Jr.c = 13.8 Hz, Jp.c = 5.0 Hz, PhPh(H)C=P-
P{C(CHa)z}2, E-4e) ppm;

31p{IH} NMR (400 MHz, CsDs, 298 K) &: 274.72 (d, Jp-p = 224.9 Hz, PhPh(H)C=P-PtBu,, E-4e), 57.13
(d, Jp-p = 224.9 Hz, PhPh(H)C=P-PtBu2, E-4€) ppm.

34



PART B. NMR Spectra
B.1. Reaction of [(BDI*)Ti(Cl){5#?-P-PtBuz}] (1) with selected ketones and aldehydes

B.1.1. Benzophenone

[rel]

31EfiH}

M277.32
M27.37

T T T
200 ] -200 [ppm]

Figure S1.*'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 3 months after
starting the reaction of [(BDI*)Ti(Cl){#n>-P-PtBu,}] (1) with benzophenone.

o 27732 ppm, (d), Jp-p = 228.9 Hz, (Ph).C=P-P/Buy;
e 27.39 ppm, (d), Jr-p = 228.9 Hz, (Ph),C=P-PrBuy;
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B.1.2. 9-fluorenone

[rel]

HP{1H)

M 29784
19.50
M9.61

T

20

T : T . - T . T T . - T T T T - T
400 200 0 -200 [ppm]

Figure S2. 3'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 24 hours after
starting the reaction of 1 with 9-fluorenone.

e 297.84 ppm, (d), Jp-r = 228.4 Hz, (fluorenyl)C=P-PrBuy;
e 19.50 ppm, (s), tBuPH;
e 9.61 ppm, (d), Jp-p =228.4 Hz, (fluorenyl)C=P-PrBuy;
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B.1.3. 4-cyanobenzophenone

39P{1H}

[rel]

M843.47
— M302.86
— M285.73

M143.67

M28.98
“—-m2781

T T T T T T T T T T T T T T T T T T T T T
800 600 400 200 0 -200 [ppm]

Figure S3.*'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 3 months after
starting the reaction of 1 with 4-cyanobenzophenone.

843.47 ppm, (d), Jep = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-P{Buz}];

302.86 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-P¢Bu, — E isomer;
285.73 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PrBu; — Z isomer;
143.57 ppm, (d), Jp-p = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-P{Bu,}];

28.98 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-P¢Bu, — E isomer;
27.81 ppm, (d), Jpp = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu; — Z isomer;
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B.1.4. 4,4’-dicyanobenzophenone

39P{1H}

[rel]

M843.85
M312.22
M143.56
M29.54
1961

T T T T T T T T T T T T T T T T T
800 600 400 200 0 [ppm]

Figure S4.°'P{'"H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 3 months after
starting the reaction of 1 with 4,4’-dicyanobenzophenone.

843.85 ppm, (d), Jep = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-P{Bu}];
312.22 ppm, (d), Jp-p = 232.5 Hz, (4-CN-Ph),C=P-P7Buy;
143.56 ppm, (d), Jp-p = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-PBu,}];
29.54 ppm, (d), Jp-p = 232.5 Hz, (4-CN-Ph),C=P-P/Buy;

19.51 ppm, (s), tBu2PH;
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B.1.5. 4,4’-dimethoxybenzophenone

[rel]

31P(1H}

M844.38
M257.68
M143.78

—-M2838

—— 1966

T
20

T . r r T - r r T T T T ; T T I
800 600 400 200 0 [ppm]

Figure S5.*'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 3 months after
starting the reaction of 1 with 4,4’-dimethoxybenzophenone.

844.38 ppm, (d), Jep = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-P{Bu}];
257.68 ppm, (d), Jp-p = 228.9 Hz, (4-MeO-Ph),C=P-P/Buy;
143.78 ppm, (d), Jp-p = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-PtBu,}];
28.38 ppm, (d), Jp-p = 228.9 Hz, (4-MeO-Ph),C=P-PrBuy;
19.66 ppm, (s), tBuxPH;
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B.1.6. Tert-butyl phenyl ketone

29PH)

[rel]

M 838.89
M 142.08
19.66
T
20

Jl |

T T T T T T T T T T T T T T T T T T T T T T T T T T
800 600 400 200 0 -200 -400 [ppm]

Figure S6.*'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of reaction mixture conducted 3 months after
starting the reaction of 1 with terz-butyl phenyl ketone.

e 838.89 ppm, (d), Jep = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-PBuz}];
e 142.05 ppm, (d), Jep = 450.5 Hz, [(BDI*)Ti(Cl){#*-P-PBuz}];
e 19.56 ppm, (s), tBuPH;
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B.1.7. Acetone

34P{1H}

T
[rel]

M235.22
——M23.15
— 1969

T T T T T T T T T T T T T T T T T T T T T
200 100 0 -100 [ppm]

Figure S7.*'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with acetone.

o 23473 ppm, (d), Jp-p = 228.9 Hz, (Me)C=P-PrBuy;

e 23.14 ppm, (d), Jp-p = 228.9 Hz, (Me),C=P-P/Buy;
e 19.69 ppm, (s), tBuPH;
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B.1.8. Cyclohexanone

T
[rel]

31P(1H}

M221.02
~ 1951
—~—M17.76

10

S . JuL_i

: : + 7 ] ; - T i 7 7 i
200 100 0 -100 Ippm]

Figure S8. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with cyclohexanone.

e 221.02 ppm, (d), Jp-p = 228.8 Hz, (CH2)sC=P-P1Buy;

e 19.51 ppm, (s), tBuPH;
e 17.76 ppm, (d), Jp-p = 228.8 Hz, (CH2)sC=P-PrBuy;
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B.1.9. Acetophenone

[rel]

M263.89

M262.89
——M24.69
—M21.99

T T T T T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 [ppm]

Figure S9. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with acetophenone.

263.63 ppm, (d), Jo-p = 234.9 Hz, (Ph)(Me)C=P-PtBu, — E isomer;
253.06 ppm, (d), Jr_p = 222.8 Hz, (Ph)(Me)C=P-PtBu, — Z isomer;
24.65 ppm, (d), Jp-p = 222.8 Hz, (Ph)(Me)C=P-PtBu; — Z isomer;
21.91 ppm, (d), Jp-p = 234.9 Hz, (Ph)(Me)C=P-PtBu; — E isomer;
19.65 tBu,PH;
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B.1.10. Cyclopropyl methyl ketone

o
30 [rel]

— M 23249
— M 22686
7

T T T T T T T T T T T T T T T T
200 100 0 -100 [ppm]

Figure S10. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with cyclopropyl methyl ketone.

\
[rel]

— M232.48
— M225.87

60

30

(=]

I . " : : : : T : r T
200 0 -200 [ppm]

Figure S11. 3'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (cyclo-CH,CH>CH)(Me)C=P-
PtBu: (3j).

232.48 ppm, (d), Jp-p = 232.9 Hz, (cyclo-CH,CH>CH)(Me)C=P-PfBu, — Z isomer;
225.87 ppm, (d), Jp-p = 232.9 Hz, (cyclo-CH,CH,CH)(Me)C=P-PfBu, — E isomer;
18.52 ppm, (d), Jp-p = 232.9 Hz, (cyclo-CH,CH>CH)(Me)C=P-PtBu, — Z isomer;
17.00 ppm, (d), Jp-p = 232.9 Hz, (cyclo-CH,CH>CH)(Me)C=P-PtBu, — E isomer;
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31PHH)

80 [rel]

M18.52
M17.00

60

20

- ‘ ‘ ‘ " . . ‘ " ' —— . ; ‘ , ; . : . . — " " ; . . ;
24 22 20 18 16 14 12 [ppm]

Figure S12. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (cyclo-CH,CH>CH)(Me)C=P-
PrBuz (3j) in the range from 25 ppm to 10 ppm.
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[rel]

M3.64
—M229
— M2.04
—M1.73

M1.24

M-147

T
30

g g e B o
6 ' | ‘ ‘ ' ’ ' 2 | ' fppr
Figure S13. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (cyclo-CH,CH,CH)(Me)C=P-PtBu;
).

e 3.64 ppm, (broad m), 1H, (cyclo-CH,CH,CH)(Me)C=P-PtBu, — Z isomer;

e 229 ppm, (ddd), Jp.u = 10.8 Hz, Jun = 1.3 Hz, Jpu = 0.4 Hz, 3H, (cyclo-CH2CH2CH)(Me)C=P-
PfBuz — E isomer;

2.04 ppm, (broad m), 1H,( cyclo-CH.CH>CH)(Me)C=P-PtBu; — E isomer;

1.73 ppm, (dd), Jp-u = 21.9 Hz, Jpu = 1.6 Hz, 3H, (cyclo-CH,CH2CH)(Me)C=P-PtBu, — Z isomer;
1.24 ppm, (d), Jp.u = 11.2 Hz, 18H, (CH2CH2CH)( cyclo-CH3)C=P-PfBuz — E isomer;

1.17 ppm, (d), Jp-u = 11.2 Hz, 18H, (cyclo-CH>CH>CH)(Me)C=P-PtBu: — Z isomer;

0.74 ppm, (broad m), 2H, (cyclo-CH>CH>,CH)(Me)C=P-PfBu, — Z isomer;

0.60 ppm, (broad m), 2H, (cyclo-CH>CH>,CH)(Me)C=P-PfBu, — Z isomer;

0.53 ppm, (broad m), 2H, (cyclo-CH>CH>CH)(Me)C=P-PfBu, — E isomer;

0.50 ppm, (broad m), 2H, (cyclo-CH>CH>CH)(Me)C=P-PfBu, — E isomer;
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T
T
[rel]

M3.64

M2.29

M2.04

M1.73
T

16

10

- / : :
J / ,

. 2l

: ‘ - ‘ - - ‘ - . - - ‘ - ‘ - - ‘ - ; -
35 30 25 20 [ppm]

Figure S14. '"H NMR (400 MHz, CsDs, 298 K) spectrum of isolated (cyclo-CH.CH>CH)(Me)C=P-PBu»
(3j) in the range from 4 ppm to 1.5 ppm.

1H N
3 = 2 g 2 8
- - (=] =3 o o
=| = = = = = Lg
| I

bbUL // / //

T T T T T T T T T T T T T T T T T T

14 12 1.0 08 06 04 02 [ppm]

Figure S15. '"H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (cyclo-CH,CH,CH)(Me)C=P-PtBu»
(3j) in the range from 1.5 ppm to 0 ppm.
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Figure S16. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (cyclo-CH,CH,CH)(Me)C=P-
PtBu: (3j).

o 213.28 ppm, (dd), Jp-c = 53.6 Hz, Jp.c = 14.5 Hz, (cyclo-CH,CH>CH)(Me)C=P-P/Bu; — E isomer;

e 210.41 ppm, (dd), Je-c = 55.4 Hz, Jp.c = 11.8 Hz, (cyclo-CH,CH>CH)(Me)C=P-PfBu, — Z isomer;

e 33.36 ppm, (dd), Jp.c =9.1 Hz, Jp.c = 4.5 Hz, (cyclo-CH,CH2CH)(Me)C=P-P{C(CH3)3}>— E iso-
mer;

e 33.36 ppm, (dd), Jp.c =9.1 Hz, Jp.c = 4.5 Hz, (cyclo-CH,CH,CH)(Me)C=P-P{C(CH3)3}2— Z iso-
mer;

e 31.15 ppm, (dd), Jp.c = 10.9 Hz, Jp.c = 5.4 Hz, (cyclo-CH2CH,CH)(Me)C=P-P{C(CH3)3}2 — E
isomer;

e 31.01 ppm, (dd), Jp.c =10.9 Hz, Jp.c = 4.5 Hz, (cyclo-CH,CH>CH)(Me)C=P-P{C(CH3)3}> — Z

1somer;

26.45 ppm, (dd), Jp.c = 45.4 Hz, Jp.c = 5.4 Hz, (cyclo-CH,CH>CH)(Me)C=P-PtBu, — E isomer;

25.19 ppm, (dd), Jp-c = 29.1 Hz, Jp.c = 15.4 Hz, (cyclo-CH>CH>CH)(CH3)C=P-PrBu, — E isomer;

24.43 ppm, (dd), Jp-c = 38.1 Hz, Jp.c = 17.2 Hz, (cyclo-CH>,CH>CH)( CH3)C=P-PtBu; — Z isomer;

23.63 ppm, (dd), Jp.c = 45.4 Hz, Jp.c = 3.6 Hz, (cyclo-CH,CH,CH)(Me)C=P-PfBu, — Z isomer;

9.52 ppm, (d), Jp.c = 2.7 Hz, (cyclo-CH,CH>CH)(Me)C=P-PfBu, — Z isomer;

9.37 ppm, (d), Jp.c = 12.7 Hz, (cyclo-CH2CH>CH)(Me)C=P-PtBu; — E isomer;
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T
[rel]

M213.28
M210.41

T T T T T T T T T T T T T T T T T T T T T T T
216 214 212 210 208 206 [ppm]

Figure S17. C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (CH,CH>CH)(Me)C=P-P/Bu,
(3j) in the range from 216 ppm to 205 ppm.

13C Fs
B3 23 g 2 2 8 o :
88 a6 € 38 3 8 o | o
== == = 8= = = = o
K V¢ N ¥ I
| w
-
e
L@
o
W O UTRTETH W Ve - . .m 3
T . . . T T . T T . T T T . T T T . T T T . T .
30 25 20 15 10 [ppm]

Figure S18. 3C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (CH.CH>CH)(Me)C=P-P/Bu,
(3j) in the range from 35 ppm to 5 ppm.
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B.1.11. Isobutyraldehyde

39P{1H)

[rel]

— M254.39
— M249.42
M52.82
M12.83
40

T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 [ppm]

Figure S19. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with isobutyraldehyde.

254.39 ppm, (d), Jp-p = 220.8 Hz, {(Me)CH}(H)C=P-PfBu, - E isomer;
249.42 ppm, (d), Jp-p = 212.8 Hz, {(Me)CH}(H)C=P-PsBu, - Z isomer;
52.82 ppm, (d), Jp-p = 220.8 Hz, {(Me).CH}(H)C=P-P¢Bu, — E isomer;
12.83 ppm, (d), Jp-p =212.8 Hz, {(Me).CH}(H)C=P-PfBu, — Z isomer;
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31P{1H}

[rel]

—— M254.39
— M249.41
M52.84

— 1947
— M12.86

[ 1 -

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 -200 [ppm]

Figure S20. *'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me).CH}(H)C=P-PBu, (4a).

e 25439 ppm, (d), Jp-r =220.8 Hz, {(Me)CH}(H)C=P-PtBu,— E isomer;
o 24940 ppm, (d), Jpp =212.8 Hz, {(Me).CH}(H)C=P-P¢Bu; - Z isomer;
e 52.83 ppm, (d), Jp-r = 220.8 Hz, {(Me)CH}(H)C=P-PtBu,— E isomer;
e 12.85ppm, (d), Jp-p = 212.8 Hz, {(Me)CH}(H)C=P-PtBu,— Z isomer;
e 19.47 ppm, (s), tBuPH;
2\")8 I I I 2?‘)5 ‘ I I 2.‘I)4 ‘ ‘ ‘ 2;2 I ‘ ‘ 2.'|)0 ’ I I 2119 I ‘ ’ [plpm]

Figure S21. 3'P NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me)>CH}(H)C=P-P¢Bu; (4a) in the
range from 258 ppm to 247 ppm.
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5 [rel]

8{E=33

e

~=F=E=Z

NS

M9.49
M8.42
M4.12

— 355
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—M277

39
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4
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T T T T T T T T T T T T T T T T T T
10 8 6 4 2 [ppm]

Figure S22. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me)CH}(H)C=P-PBu: (4a).

e 949 ppm, (ddd), 1H, Jp.u =24.1 Hz, Jp.u = 12.0 Hz, Jp.u = 8.1 Hz, {(Me)CH}(H)C=P-PBu,— FE
isomer;

o 8.42 ppm, (ddd), 1H, Jp.y = 36.1 Hz, Ju.u =20.9 Hz, Jp.y = 8.0 Hz, {(Me).CH}(H)C=P-PrBu>—Z

isomer;

4.12 ppm, (br. m), 1H, Juu = 6.7 Hz, {(Me).CH}(H)C=P-PtBu, — Z isomer;

3.55 ppm, (m), 4H, THF;

3.14 ppm, (d), 1H, Jp.u = 197.8 Hz, tBuxPH;

2.77 ppm, (br. m), 1H, Ju.u = 6.7 Hz, {(Me)CH }(H)C=P-PfBu, — E isomer;

1.39 ppm, (m), 4H, THF;

1.25 ppm, (d), 18H, Jp.u = 11.3 Hz, {(Me)CH}(H)C=P-PfBuz— E isomer;

1.23 ppm, (d), 18H, Jp.u = 11.2 Hz, {(Me)>CH}(H)C=P-PrBuz— Z isomer;

1.14 ppm, (d), Jp.u = 11.4 Hz, tBu,PH;

1.04 ppm, (dd), 6H, Ju-u = 6.7 Hz, Jp.u = 0.8 Hz, {(Me).CH}(H)C=P-PfBu, — E isomer;

0.94 ppm, (br. d), 6H, Ju.u = 6.7 Hz, {(Me).CH}(H)C=P-PtBu,— Z isomer;
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Figure S23. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me)>CH}(H)C=P-P7Bu; (4a) in the
aldehyde proton range. The integration shows the ratio of two isomers £ : Z (90 % : 10 %).
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Figure S24. "H NMR (400 MHz, CsDs, 298 K) spectrum of isolated {(Me),CH}(H)C=P-PtBu; (4a) in the
range of 4.5 ppm to 0 ppm.
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13C

4 [rel]

M213.12
67.45
8
2
1
1
0
44
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Figure S25. 3C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated {(Me),CH}(H)C=P-PrBu, (4a).

Only E isomer was visible, the weak signals of the Z isomer were not visible.
e 213.12 ppm, (dd), Jro.c = 49.0 Hz, Jr.c = 33.6 Hz, {(Me)CH}(H)C=P-PtBuy;
38.50 ppm, (dd), Jr.c = 19.9 Hz, Jp.c = 13.6 Hz, {(Me).CH}(H)C=P-P/Bu;
32.51 ppm, (dd), Jp.c = 28.2 Hz, Jp.c = 2.7 Hz Hz, {(Me).CH}(H)C=P-P{C(CH3)3}2;
31.04 ppm, (dd), Je.c = 19.9 Hz, Jp.c = 5.4 Hz, {(Me)CH}(H)C=P-P{C(CH3)s}2;
23.02 ppm, (d) , Jp.c = 12.7 Hz, {(Me)>CH}(H)C=P-PtBu
31.42 ppm, (d), Jp.c = 13.6 Hz, {(CH3)3;C}.PH;
30.85 ppm, (d), Jp.c = 4.5 Hz, {(CH3):C}.PH;
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Figure S26. 1*C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me)CH}(H)C=P-PtBu; (4a)
in the range from 216 ppm to 210 ppm.
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Figure S27. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me).CH}(H)C=P-PfBu, (4a)
in the range from 40 ppm to 20 ppm.
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Figure S28. *C{'H}/'H-HMQC (400 MHz, C¢Ds, 298 K) spectrum of isolated {(Me),CH}(H)C=P-PtBu,
(4a).
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B.1.12. Cyclohexanecarboxaldehyde

31PfIH

[rel]

— M256.21
— M251.22
M53.25

— 1950
— M13.11

). . J[ i .
; . ; ; ; . ; ; ; . ; ; ; . ; ; ; ; . ; ; . ; ; ;
200 100 0 -100 <200 [ppm]

Figure S29.°'P{'H}-NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with cyclohexanecarboxaldehyde.

[rel]
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: . . ; r ; r r r r : r . ; ; ; r ; r ;
300 200 100 0 [ppm]

Figure S30.°'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated {cyclo-(CH2)sCH}(H)C=P-PrBu.
(4b).

256.25 ppm, (d), Je-p = 220.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu, — E isomer;
251.24 ppm, (d), Je-p = 212.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu, — Z isomer;
53.23 ppm, (d), Je-p = 220.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu, — E isomer;
13.17 ppm, (d), Je-p = 212.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu;, — Z isomer;
19.49 ppm, (s), tBu,PH;
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Figure S31. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {cyclo-(CH2)sCH}(H)C=P-P7Bu: (4b).

E

1.00

[ppm]

e 9.44 ppm, (ddd), 1H, Jp-u = 22.7 Hz, Jp-u = 14.2 Hz, Ju.u = 8.4 Hz, {cyclo-(CH2)4CH}(H)C=P-
P/Buz — E isomer;

e 8.49 ppm, (ddd), 1H, Jp.u =31.9 Hz, Jp.u = 21.5 Hz, Jun = 10.9 Hz, {cyclo-(CH2)sCH}(H)C=P-

PBu, — Z isomer;

2.51 ppm, (broad m), 1H, {cyclo-(CH2)+CH}(H)C=P-PsBu; — E isomer;

1.83 ppm, (broad m), 2H, {cyclo-(CH2)sCH}(H)C=P-PsBu, — E isomer;

1.65 ppm, (broad m), 2H, {cyclo-(CH2)sCH}(H)C=P-P¢Bu, — E isomer;

1.29 ppm, (d), Jr-u = 11.1 Hz, {cyclo-(CH2)+CH }(H)C=P-PrBuz — E isomer;

1.19 ppm, (broad m), 6H, {cyclo-(CH2)sCH}(H)C=P-P¢Bu, — E isomer;
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Figure S32. "H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {cyclo-(CH2)sCH}(H)C=P-P7Bu: (4b)
with aldehyde proton of Z isomer and with integration (ratio of isomers £ : Z=93 % : 7 %)
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Figure S33. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {cyclo-(CH2)4CH}(H)C=P-PtBu,
(4b).

E isomer:
e 211.64 ppm, (dd), Je-c = 48.2 Hz, Jp.c = 34.6 Hz, {cyclo-(CH2)sCH}(H)C=P-PsBu, — E isomer;

e 48.07 ppm, (dd), Jp.c = 18.6 Hz, Jp.c = 13.4 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu; — E isomer;

e 33.98 ppm, (s), {cyclo-(CH2)4CH}(H)C=P-PrBu, — E isomer;

e 33.85 ppm, (s), {cyclo-(CH2)4CH}(H)C=P-PrBu, — E isomer;

e 32.46 ppm, (dd), Jp.c = 28.2 Hz, Jp.c = 2.8 Hz, {cyclo-(CH2)sCH}(H)C=P-P{C(CHz3)3}» — E iso-
mer;

e 31.02 ppm, (dd), Jp.c = 13.8 Hz, Jp.c = 5.0 Hz, {cyclo-(CH2)sCH}(H)C=P-P{C(CHz3)3}2 — E iso-
mer;

e 25.86 ppm, (s), {cyclo-(CH2)4sCH}(H)C=P-PrBu, — E isomer;
e 25.84 ppm, (s), {cyclo-(CH2)4sCH}(H)C=P-PrBu, — E isomer;

Z isomer: only few signals are visible
e 203.01 ppm, (dd), Jr-c = 55.7 Hz, Jp.c = 14.2 Hz, {cyclo-(CH2)sCH}(H)C=P-PrBu, — Z isomer;,
e 33.27 ppm, (s), {cyclo-(CH2)4sCH}(H)C=P-PrBu, — Z isomer;
e 33.18 ppm, (s), {cyclo-(CH2)4CH}(H)C=P-PrBu, — Z isomer;
e 30.18 ppm, (dd), Jo.c = 14.8 Hz, Jp.c = 5.42 Hz, {cyclo-(CH2)sCH}(H)C=P-P{C(CH3)3}2> — Z iso-
mer;

60



13C T
= -
@ =
- [u]
- o
o~ ~N
= =
@
2
<
@
o
=
o
T : . ‘ . T . . ; . T . ‘ ‘ . T . ‘ ; : T
220 216 210 205 [ppm]

Figure S34. 3C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {cyclo-(CH2)4CH}(H)C=P-P/Bu,
(4b) in the range of 220 ppm to 200 ppm.
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Figure S35. 3C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {cyclo-(CH2)sCH}(H)C=P-PrBu.
(4b) in the range of 50 ppm to 25 ppm.
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B.1.13. p-Tolualdehyde

31Pf1H)

[rel]

M 266.60
M56.67
19.47

| N

T T T T T T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 [ppm]

Figure S36. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with p-Tolualdehyde.
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Figure S37.°*'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PfBu, (4c).
Visible only one E isomer:

e 266.61 ppm, (d), Jo.p = 220.8 Hz, (p-Me-Ph)(H)C=P-PBuy;
e 56.72 ppm, (d), Jo.p = 220.8 Hz, (p-Me-Ph)(H)C=P-P{Buy;
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Figure S38. '"H NMR (400 MHz, CsDs, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PrBu. (4¢).

Visible only one £ isomer:

e 10.16 ppm, (dd), 1H, Jp.u =22.7 Hz, Jp.u = 13.6 Hz (p-Me-Ph)(H)C=P-P/Buy;
7.56 ppm, (dd), Jp.u = 7.6 Hz, Jp.u = 2.7 Hz (p-Me-Ph)(H)C=P-PrBu: (0-Ha);
6.83 ppm, (d), Je-u = 7.9 Hz, (p-Me-Ph)(H)C=P-PBu: (m-Ha:);

1.97 ppm, (d), Jp-u = 1.9 Hz, (p-Me-Ph)(H)C=P-PrBu;
1.28 ppm, (d), Jp-u = 11.1 Hz, (p-Me-Ph)(H)C=P-PtBuz;
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Figure S39. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PBu. (4¢) in the
range from 10.5 ppm to 6 ppm.
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Figure S40. 3'P{'H}/'"H-HMBC (400 MHz, C¢Ds, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-P/Bu,
(4c¢).
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Figure S41. *'P{'H}/'"H-HMBC (400 MHz, CsDs, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PBu.
(4¢).
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Figure S42. 3C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-P/Bu: (4c).

Visible only E isomer:

e 197.67 ppm, (dd), Jr-c =45.1 Hz, Jp.c =39.2 Hz, (p-Me-Ph)(H)C=P-P1Buy;
129.30 ppm, (d), Je-c = 2.6 Hz, (p-Me-Ph)(H)C=P-PtBu, (m-Car);
126.73 ppm, (d), Je-c = 19.5 Hz, (p-Me-Ph)(H)C=P-P/Bu: (0-Car);
33.10 ppm, (dd), Jp.c = 27.7 Hz, Jp.c =2.5 Hz, (p-Me-Ph)(H)C=P-P{C(CH3)3}2;
31.15 ppm, (dd), Jp.c = 13.8 Hz, Jp.c = 5.1 Hz, (p-Me-Ph)(H)C=P-P{C(CH3)3}2;
20.95 ppm, (d), Jp.c = 1.0 Hz, (p-Me-Ph)(H)C=P-P/Bu,;
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Figure S43. *C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PrBu; (4¢) in
the range from 202 ppm to 192 ppm.
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Figure S44. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-P/Bu: (4¢) in
the range from 132 ppm to 124 ppm.
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Figure S45. *C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (p-Me-Ph)(H)C=P-PrBu; (4¢) in
the range from 34 ppm to 20 ppm.
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B.1.14. 4-(dimethylamino)benzaldehyde

39P{1H)

[rel]

M 23063
M57.72
19.56

T
40

J L o
T T T T T T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 [ppm]

Figure S46. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of the reaction mixture conducted 24 hours
after starting the reaction of 1 with 4-(dimethylamino)benzaldehyde.

e 230.63 ppm, (d), Jp-p = 224.9 Hz, {4-(Me):N-Ph}(H)C=P-PrBu; — E isomer;
e 57.72 ppm, (d), Jp-p = 224.9 Hz, {4-(Me)N-Ph}(H)C=P-P/Bu; — E isomer;
e 19.56 ppm, (s), tBuPH;
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B.1.15. Biphenyl-4-carboxaldehyde

31Pf1H}

[rel]

M274.76
M57.13
1957

T T r T . T T T T T T T . : T r r T r T T T : r T
300 200 100 0 -100 [ppm]

Figure S47.3'P{'"H} NMR (400 MHz, C¢Ds, 298 K) spectrum of reaction mixture conducted 24 hours after
starting the reaction of 1 with biphenyl-4-carboxaldehyde.

o 27476 ppm, (d), Jp-p = 224.9 Hz, PhPh(H)C=P-PrBuw;

e 57.13 ppm, (d), Jp-r = 224.9 Hz, PhPh(H)C=P-P1Buy;
e 19.57 ppm, (s), tBuPH;
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B.2. Phospha-Peterson reaction of tBuz2P-P(SiMes)Li-3THF (2) with selected ketones and aldehydes
B.2.1. Benzophenone

3IP[IH)

[rel]

M277.32
M27.37

30

20

T T T T T T T T
200 0 -200 [ppm]

Figure S48. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph),C=P-PBu: (3a).

o 277.32 ppm, (d), Jp-p = 228.9 Hz, (Ph),C=P-PrBuy;
e 27.37 ppm, (d), Jp-p = 228.9 Hz, (Ph),C=P-PrBuy;
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Figure S49. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph),C=P-PfBu (3a).

e 7.70 ppm — 7.00 ppm, 10H, (Ph),C=P-PrBuy;
e 1.20 ppm, (d), Jp-u = 10.9 Hz, 18H, (Ph),C=P-PrBuy;
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Figure S50. *'P {'H}/'H-HMBC (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph).C=P-P¢Bu, (3a) (cor-
relation of fert-butyl groups).
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Figure S51. 3'P{'H}/'H-HMBC (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph).C=P-P¢Bu, (3a) (cor-
relation of aromatic protons).
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Figure S52. C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph),C=P-PfBu: (3a).

207.29 ppm, (dd), Jp.c = 54.5 Hz, Jp.c = 16.8 Hz, (Ph),C=P-P/Buy;
146.53 ppm, (dd), Jp-c = 23.2 Hz, Jr-c = 4.3 Hz, (Ph),C=P-P1Bu. (i-Ca);
145.61 ppm, (dd), Jr.c = 13.9 Hz, Jp.c = 5.9 Hz, (Ph),C=P-PrBu: (i-Ca:);
129.70 ppm, (dd), Jp.c = 10.6 Hz, Jp.c = 6.5 Hz, (Ph)>C=P-P/Bu, (0-Ca);
129.29 ppm, (d), Jp-c = 4.8 Hz, (Ph).C=P-PtBu: (0-Ca:);

128.04 ppm, (d), Je-c = 1.1 Hz, (Ph),C=P-PrBu, (p-Car);

127.32 ppm, (s), (Ph)2C=P-PBua (m-Ca,);

127.20 ppm, (s), (Ph)2C=P-PBu: (p-Ca:);

127.13 ppm, (s), (Ph)2C=P-PrBu; (m-Ca,);

33.92 ppm, (dd), Jo-c = 30.1 Hz, Jo.c = 4.3 Hz, - (Ph)2C=P-P{C(Me3)}2;
31.08 ppm, (dd), Jr.c = 14.4 Hz, Jp.c = 5.4 Hz, (Ph),C=P-P{C(Me3)}>;
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Figure S53. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph),C=P-PfBu; (3a) in the range
from 216 to 201 ppm.
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Figure S54. >C {'"H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph)C=P-P7Bu. (3a) in the range
from 146 to 125 ppm.
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Figure S55. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph),C=P-PfBu; (3a) in the range
from 37 to 25 ppm.
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B.2.2. 9-fluorenone

34P{1H}

[rel]

M 28717
M9.67
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300 200 100 o -100 [ppm]

Figure S56. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum isolated (fluorenyl)C=P-PfBu (3b).

e 297.17 ppm, (d), Jp-p = 228.4 Hz, (fluorenyl)C=P-PrBuy;
e 9.57 ppm, (d), Jp-p = 228.4 Hz, (fluorenyl)C=P-PtBuy;
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Figure S57. 'H NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated (fluorenyl)C=P-PtBu. (3b).

e 9043 —6.76 ppm, aromatic protons of fluorenyl;
e 1.07 ppm, (d), Jp-u = 11.9 Hz, (fluorenyl)C=P-P¢Buy;
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~M129.72
- M120.65
— M3499
— M30.77

M 189.46
— M14381
—~M141.36
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Figure S58. °C {'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated (fluorenyl)C=P-P7Bu: (3b).

189.46 ppm, (dd), Jp.c = 54.5 Hz, Jp.c = 10.9 Hz, (fluorenyl)C=P-P/Bu,;
143.81 ppm, (dd), Jp.c =26.3 Hz, Jp.c = 8.2 Hz, (fluorenyl)C=P-PrBuy;
141.36 ppm, (d), Jp-c = 9.1 Hz, (fluorenyl)C=P-PrBu,;

140.52 ppm, (dd), Jp.c = 18.6 Hz, Jp.c = 1.3 Hz, (fluorenyl)C=P-PrBuy;
138.34 ppm, (d), Jr-c = 13.6 Hz, (fluorenyl)C=P-PrBuy;

129.72 ppm, (dd), Jr.c = 59.0 Hz, Jp.c = 5.4 Hz, (fluorene)C=P-PrBuy;
129.65 ppm, (dd), Jrp.c = 5.7 Hz, Jp-c = 3.9 Hz, (fluorenyl)C=P-P/Bu,;
121.38 ppm, (d), Jp-c = 25.4 Hz, (fluorenyl)C=P-PrBuy;

34.99 ppm, (dd), Jp.c =27.9 Hz, Jp.c = 3.1 Hz, (fluorenyl)C=P-P{C(CH3)3}2;
30.77 ppm, (dd), Jp.c = 14.1 Hz, Jp.c = 5.3 Hz, (fluorenyl)C=P-P{C(CH3)3}2;
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Figure S59. >C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated (fluorenyl)C=P-PrBu. (3b)
in the range from 195 ppm to 185 ppm.
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Figure S60. °C {!H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated (fluorenyl)C=P-PtBu, (3b)
in the range from 150 ppm to 120 ppm.
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Figure S61. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated (fluorenyl)C=P-P/Bu: (3b)
in the range from 40 ppm to 25 ppm.

77



B.2.3. 4-cyanobenzophenone

I9P{1H} L

[rel]

or
S
@~
e

— M 303.89
— M286.27

-
—
T
3

_ .

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
300 200 100 0 -100 -200 [ppm]

Figure S62. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P/Bu, (3¢).

303.89 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PfBu, — E isomer;
286.27 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PtBu; — Z isomer;
28.96 ppm, (d), Jp-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PfBu, — E isomer;
27.77 ppm, (d), Je-p = 228.9 Hz, (Ph)(4-CN-Ph)C=P-PfBu, — Z isomer;

9P{1H}

[rel]

—M28.96
—mM27.77
30

/ i
N \_/ .
35 30 25 20 15 [ppm]

Figure S63. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P/Bu; (3c)
in the range from 40 ppm to 10 ppm.
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Figure S64. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-PBu: (3c).

e 7.50 ppm — 6.70 ppm, 10H, (Ph)(4-CN-Ph)C=P-PBuy;
e 1.14 ppm, (d), Jp-u = 10.9 Hz, 18H, (Ph)(4-CN-Ph)C=P-P¢Bu, — E isomer ;
e 1.10 ppm, (d), Jp-u = 10.9 Hz, 18H, (Ph)(4-CN-Ph)C=P-PrBu> — Z isomer;

TH_31P_HMEC

F1 [ppm]

S S S S S
14 13 12 14 10 09 F2 [ppm]

Figure S65. 3'P {'H}/'"H-HMBC (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-PrBu.
3¢).
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Figure S66. >'P {'H}/'H-HMBC (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P/Bu,
(3¢) (correlation of aromatic protons).
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Figure S67. *C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-PrBu. (3¢).

204.62 ppm, (dd), Jp.c = 54.4 Hz, Jp.c = 16.8 Hz, (Ph)(4-CN-Ph)C=P-PfBu, — E isomer;
204.40 ppm, (dd), Jp.c = 55.5 Hz, Jp.c = 17.1 Hz, (Ph)(4-CN-Ph)C=P-PfBu> — Z isomer;
149.57 ppm, (dd), Je-c = 24.1 Hz, Jp.c = 3.7 Hz, (Ph)(4-CN-Ph)C=P-P/Bu; (i-Car) — Z isomer;
149.34 ppm, (dd), Jp.c = 13.7 Hz, Jp.c = 6.2 Hz, (Ph)(4-CN-Ph)C=P-PBu; (i-Car) — E isomer;
145.21 ppm, (dd), Jo.c = 22.1 Hz, Jo.c = 4.2 Hz, (Ph)(4-CN-Ph)C=P-PBu, (i-Car) — E isomer;
144.56 ppm, (dd), Jr-c = 20.1 Hz, Jp.c = 5.6 Hz, (Ph)(4-CN-Ph)C=P-P/Bu; (i-Car) — Z isomer;
131.58 ppm, (d), Jr.c = 1.0 Hz, (Ph)(4-CN-Ph)C=P-P/Bu; (p-Car) — Z isomer;

131.24 ppm, (s), (Ph)(4-CN-Ph)C=P-PrBu; (0-Car) — E isomer;

130.00 ppm, (dd), Jr-c = 6.6 Hz, Jo.c = 4.1 Hz, (Ph)(4-CN-Ph)C=P-PtBu: (0-Car) — Z isomer;
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e 129.72 ppm, (d), Je.c = 4.8 Hz, (Ph)(4-CN-Ph)C=P-P/Bu; (0-Car) — E isomer;

e 129.44 ppm, (dd), Je-c = 6.5 Hz, Jp.c = 4.2 Hz, (Ph)(4-CN-Ph)C=P-P/Bu; (0-Car) — E isomer;
e 128.24 ppm, (d, Jp.c = 0.9 Hz, (Ph)(4-CN-Ph)C=P-PrBu: (p-Car) — E isomer;

e 127.33 ppm, (s), (Ph)(4-CN-Ph)C=P-PsBu; (m-Car) — Z isomer;

e 127.13 ppm, (s), (Ph)(4-CN-Ph)C=P-PsBu; (m-Car) — Z isomer;

e 126.93 ppm, (s), (Ph)(4-CN-Ph)C=P-PsBu; (m-Ca) — E isomer;

126.73 ppm, (s), (Ph)(4-CN-Ph)C=P-PfBu; (m-Ca) — E isomer;

118.64 ppm, (s), (Ph)(4-CN-Ph)C=P-PtBu; (m-Car) — Z isomer;

110.67 ppm, (s), (Ph)(4-CN-Ph)C=P-PrBus (m-Car) — E isomer,

34.15 ppm, (dd), Jr-c = 30.2 Hz, Jp-c = 4.1 Hz, (Ph)(4-CN-Ph)C=P-P{C(CH3)3}» - E isomer;
34.04 ppm, (dd), Jr-c = 29.5 Hz, Jp-c = 4.1 Hz, (Ph)(4-CN-Ph)C=P-P{C(CH3)3}» - Z isomer;
30.99 ppm, (dd), Jp.c = 14.3 Hz, Jp.c = 5.6 Hz, (Ph)(4-CN-Ph)C=P-P{C(CH3)3}> - E isomer;
30.98 ppm, (dd), Jp.c = 14.2 Hz, Jp.c = 5.3 Hz, (Ph)(4-CN-Ph)C=P-P{C(CHz3)3}2 - Z isomer;

M 204 62
M 204.40

MWWWWWmWWWWMWMWW\“JMWL%”WWMW“WMMWWWWWWMWMWWWMWWMNWW*

: - T : T - - : -
208 206 204 202 [ppm]

Figure S68. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P7Bu; (3c)
in the range from 208 to 201 ppm.
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Figure S69. *C{!H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P7Bu; (3c)
in the range from 150 to 110 ppm.
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Figure S70. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (Ph)(4-CN-Ph)C=P-P7Bu; (3c)
in the range from 38 to 27 ppm.
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B.2.4. 4,4’-dicyanobenzophenone

39P{1H}

M311.26
M29.40

[rel]
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300 200 100 0 -100 -200 [ppm]

Figure S71. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-CN-Ph),C=P-PBu: (3d).

e 311.26 ppm, (d), Jpp = 232.5 Hz, (4-CN-Ph),C=P-P/Buy;
e 29.40 ppm, (d), Jp-p = 232.5 Hz, (4-CN-Ph)>C=P-P/Buy;

713
209
M.1.05

[rel]

T T 1 T T T T T T T T T T T T T
8 8 4 2 [ppm]

Figure S72. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (4-CN-Ph),C=P-P/Bu, (3d).

e 7.13 ppm, (broad s), aromatic protons of toluene (toluene molecule is present in the unit cell
with two molecules of phosphanylphosphaalkenes);

e 7.10 ppm — 6.55 ppm, 8H, (4-CN-Ph),C=P-P7Buy;

e 1.05ppm, (d), Jp.u=11.4 Hz, 18H, (4-CN-Ph),C=P-PrBuy;
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Figure S73.3'P{'H}/'H-HMBC (400 MHz, CsDs, 298 K) spectrum of isolated (4-CN-Ph),C=P-P/Bu: (3d)
(correlation of aromatic protons).
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Figure S74.3'P{'H}/'H-HMBC (400 MHz, CsDs, 298 K) spectrum of isolated (4-CN-Ph),C=P-P/Bu: (3d)
(correlation of tert-butyl groups protons).
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Figure S75. C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-CN-Ph),C=P-PBu. (3d).

201.99 ppm, (dd), Jp.c = 55.6 Hz, Jp.c = 17.6 Hz, (4-CN-Ph),C=P-P/Buy;
147.89 ppm, (dd), Je-c = 23.0 Hz, Jr.c = 4.0 Hz, (4-CN-Ph),C=P-PrBu; (i-Ca);
137.53 ppm, (s), toluene (i-Car);

131.67 ppm, (d), Jo-c = 1.0 Hz, (4-CN-Ph),C=P-PBu; (m-Ca);

131.36 ppm, (s), (4-CN-Ph),C=P-PrBu, — (m-Car);

129.67 ppm, (dd), Jp.c = 6.7 Hz, Jp.c = 4.2 Hz, (4-CN-Ph),C=P-P/Bu; (0-Car);
129.47 ppm, (s), toluene (0-Car);

128.20 ppm, toluene (m-Car);

126.75 ppm, (d), Je-c = 20.2 Hz, (4-CN-Ph),C=P-P/Bu: (0-Car);

125.33 ppm, (s), toluene (p-Car);

118.27 ppm, (s), (4-CN-Ph)>C=P-PrBuy;

111.64 ppm, (s), (4-CN-Ph),C=P-PtBu; (0-Ca:);

34.26 ppm, (dd), Jp.c = 29.4 Hz, Jp.c = 3.9 Hz, (4-CN-Ph),C=P-P {C(CH3)3}2;
30.91 ppm, (dd), Jr.c = 14.2 Hz, Jp.c = 5.3 Hz, (4-CN-Ph),C=P-P{C(CH3)3}2;
21.06 ppm, (s), methyl group of toluene;
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Figure S76. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (4-CN-Ph)C=P-PrBu, (3d) in
the range from 208 ppm to 196 ppm.

13C{1H)

10 [rel]

— M147.89
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140 130 120 [ppm]

Figure S77. 3C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (4-CN-Ph),C=P-PtBu; (3d) in
the range from 150 ppm to 110 ppm.
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Figure S78. ’C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (4-CN-Ph),C=P-PrBu, (3d) in
the range from 40 ppm to 25 ppm.
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B.2.5. 4,4’-dimethoxybenzophenone

34P{1H}

M 258.28
M 28.28

T
300
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Figure S79. *'P{'H} NMR (400 MHz, CsD¢, 298 K) spectrum of isolated (4-MeO-Ph),C=P-PtBu; (3e).

258.28 ppm, (d), Jpp = 228.9 Hz, (4-MeO-Ph),C=P-PrBuy;
28.28 ppm, (d), Jo-p = 228.9 Hz, (4-MeO-Ph),C=P-PrBus;
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Figure S80. "H NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-MeO-Ph),C=P-PBu. (3e).

7.65 ppm, (dd), 2H, Jp-u = 8.9 Hz, Jp.u = 2.69 Hz, (4-MeO-Ph),C=P-PrBu (0-Ha);
7.18 ppm, (dd), 2H, Jp.u = 8.9 Hz, Jp.u = 1.13 Hz, (4-MeO-Ph),C=P-PrBu: (0-Ha);
6.75 ppm, (d), 2H, Jp.u = 8.7 Hz, (4-MeO-Ph),C=P-PrBu, (m-Ha:);

6.64 ppm, (d), 2H, Jp.u = 9.3 Hz, (4-MeO-Ph),C=P-PrBu, (m-Ha:);

3.23 ppm, (s), 3H, (4-MeO-Ph),C=P-PrBuy;

3.20 ppm, (s), 3H, (4-MeO-Ph),C=P-PrBuy;

1.24 ppm, (d), 18H, Jp.x = 11.8 Hz, (4-MeO-Ph),C=P-PrBu,;
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[rel]

M206.36 *2
3
— M161.39
— 15931
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Figure S81. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated (4-MeO-Ph),C=P-P/Bu: (3e).

206.36 ppm, (dd), Je.c= 55.0 Hz, Jp.c = 16.1 Hz, (4-MeO-Ph).C=P-P/Buy;
161.39 ppm, (d), Jo-c= 4.4 Hz, (4-MeO-Ph),C=P-PBu; (i-Car);

159.31 ppm, (s), (4-MeO-Ph),C=P-PrBu: (i-Car);

140.25 ppm, (dd), Jp.c = 24.2 Hz, Jp.c = 4.4 Hz, (4-MeO-Ph),C=P-PrBu, (i-Ca);
138.47 ppm, (dd), Jp.c= 13.9 Hz, Jp.c = 5.1 Hz, (4-MeO-Ph)>,C=P-PrBu; (i-Ca);
131.40 ppm, (dd), Jo-c = 5.8 Hz, Jp-c = 4.5 Hz, (4-MeO-Ph),C=P-P1Bu; (0-Car);
128.98 ppm, (d), Je-c = 19.8 Hz, (4-MeO-Ph)>,C=P-PBu: (0-Car);

113.44 ppm, (s), (4-MeO-Ph),C=P-P1Buz (m-Cas);

112.86 ppm, (s), (4-MeO-Ph),C=P-PtBuz (m-Cas);

54.49 ppm, (s), (4-MeO-Ph),C=P-PrBu;

54.32 ppm, (s), (4-MeO-Ph),C=P-PrBuy;

33.96 ppm, (dd), Jp.c=30.1 Hz, Jp.c = 4.4 Hz, (4-MeO-Ph),C=P-P{C(CH3)}2;
31.13 ppm, (dd), Jo-c= 14.7 Hz, Jo.c = 5.1 Hz, (4-MeO-Ph),C=P-P{C(CH3)}2;
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Figure S82. C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-MeO-Ph),C=P-PrBu. (3e) in
the range from 210 ppm to 200 ppm.
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Figure S83. *C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-MeO-Ph),C=P-PrBu. (3e) in
the range from 170 ppm to 110 ppm.
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Figure S84. *C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated (4-MeO-Ph),C=P-PrBu. (3e) in
the range from 60 ppm to 0 ppm.
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B.2.6. Tert-butyl phenyl ketone

39P{1H)

— M 265.96
— M 261.05

"
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N

[rel]
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T
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Figure S85. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of isolated /Bu(Ph)C=P-PBus, (3f).

265.96 ppm, (d), Jrp = 216.9 Hz, tBu(Ph)C=P-PrBu; — Z isomer;

261.05 ppm, (d), Jr-p = 230.4 Hz, tBu(Ph)C=P-PrBu; — E isomer
21.31 ppm, (d), Jpp = 216.9 Hz, tBu(Ph)C=P-PfBu; — Z isomer;
16.15 ppm, (d), Jr-p = 230.4 Hz, tBu(Ph)C=P-PfBu, — E isomer;
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Figure S86. 'H NMR (400 MHz, Toluene-ds, 298 K) spectrum of of isolated tBu(Ph)C=P-P/Bu, (3f).
e 7.57-6.81 ppm, aromatic protons;

o 1.29 ppm, (d), Jp-n = 1.9 Hz, tBu(Ph)C=P-PtBu, — Z isomer;
e 1.17 ppm, (d), Jp.1 = 10.7 Hz, tBu(Ph)C=P-PtBu, — Z isomer;
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Figure S87. °C{!H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of of isolated tBu(Ph)C=P-PrBu, (3f).

o 225.56 ppm, (dd), Jp.c = 62.0 Hz, Jp.c = 16.5 Hz, tBu(Ph)C=P-PtBu, — Z isomer;

e 14571 ppm, (dd), Jp.c = 13.8 Hz, Jr.c = 8.9 Hz, tBu(Ph)C=P-PtBu; (i-Car) — Z isomer;

e 129.42 ppm, (s), tBu(Ph)C=P-PtBu; (p-Car) — Z isomer;

e 128.08 ppm, (dd), Jp.c = 8.2 Hz, Jp.c = 2.7 Hz, tBu(Ph)C=P-PtBu, (0-Car) — Z isomer;

o 127.00 ppm, (s), Jr-c = 3.6 Hz, tBu(Ph)C=P-PtBu; (m-Ca) — Z isomer;

o 44,18 ppm, (dd), Jpc = 21.6 Hz, Jp-c = 3.2 Hz, {(CH3)3C}(Ph)C=P-P{C(CH3)s}. — Z isomer;
o 32.93 ppm, (dd), Jp-c = 30.2 Hz, Jp.c = 5.0 Hz, {(CH3)3:C}(Ph)C=P-P{C(CHj3)3}> — Z isomer;
e 31.19 ppm, (dd,) Jp.c = 14.53 Hz, Jr.c = 5.3 Hz, {(CH3)3C}(Ph)C=P-P{C(CH3)s}. — Z isomer;
e 30.66 ppm, (d), Jr.c = 15.0 Hz, {(CH3)s:C}(Ph)C=P-P{C(CHs)s}. — Z isomer;
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Figure S88. 3C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of of isolated /Bu(Ph)C=P-P/Bus. (3f)
in the range from 235 ppm to 210 ppm.
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Figure S89. ’C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of of isolated rBu(Ph)C=P-P7Bu: (3f)
in the range from 140 ppm to 120 ppm.

e 127.07,130.33 128.47, 127.56, 124.73 ppm, toluene-ds;

[rel]

M4d.18
— M3293
—M31.18
— M 3066

20.06
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Figure S90. 3C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of of isolated /Bu(Ph)C=P-P/Bus. (3f)
in the range from 50 ppm to 0 ppm.

e 20.06 ppm, methyl group of toluene-ds;
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B.2.7. Acetone

31Pf1H}

[rel]

M235.15
M 46.57
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200 100 ] -100 -200 [ppm]

Figure S91. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetone.

235.53 ppm, (d), Je-p = 228.9 Hz, (Me),C=P-PBuy;
46.57 ppm, (d), Jp-pr = 278.4 Hz, tBuxP-P(SiMes)Li;
23.07 ppm, (d), Jrpp = 228.9 Hz, (Me)>C=P-PtBuw;
19.02 ppm, (d), Jrp = 188.7 Hz, tBu,P-P(SiMe3)H;
-197.35 ppm, (d), Jr-p = 188.7 Hz, tBusP-P(SiMe3)H;
-245.14 ppm, (d), Jr-p = 278.4 Hz, tBusP-P(SiMe3)Li;
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Figure S92. 'H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetone.

3.86 ppm and 3.82 ppm (brad t), (Me)(CH2=)C-OLi(THF)3;

3.51 ppm, THF;

2.40 ppm, (d), 3 H, Jp.u = 10.5 Hz, (Me)C=P-PrBuy;

2.13 ppm, (d), 3 H, Jp.u = 20.4 Hz, (Me)C=P-PrBuy;

1.94 ppm, (broad s), 3H, (Me)(CH>=)C-OLi(THF)3;

1.86 ppm, (s), Me,C=0;

1.43 ppm, (broad d), 18 H, Jp.n = 10.4 Hz, tBuP-P(SiMe;)Li;

1.39 ppm, THF;

1.38 ppm, (dd), 1H, Jp.u = 187.2 Hz, Jp.u = 2.5 Hz, tBu,P-P(SiMe3)H;
1.16 ppm, (d), 18 H, Jp.u = 14.2 Hz, (Me).C=P-PrBuy;

1.09 ppm, (dd) 18 H, Jp.u = 11.2 Hz, Jp.u = 0.5 Hz, tBu,P-P(SiMe3)H;
0.46 ppm, (broad s), 9 H, rBuP-P(SiMe3)Li;

0.20 ppm, (dd) 9 H, Jp.u = 4.1 Hz, Jp.u = 0.6 Hz, tBu,P-P(SiMe3)H;
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Figure S93. 'H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetone in the
range from 5 ppm to 2 ppm.
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Figure S94. '"H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetone in the
range from 3 ppm to 0 ppm.
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Figure S95. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetone.

164.47 ppm, (s), (Me)(CH2=)C-OLi(THF)3;

137.06 ppm, 128.45 ppm, 127.55 ppm, 124.71 ppm and 20.03 ppm, Tolene-ds;
81.81 ppm, (s), (Me)(CH2=)C-OLi(THF)3;

67.59 ppm, (s), THF;

34.57 ppm, Me>C=0

32.23 ppm, (broad dd), Jp.c = 29.8 Hz, Jp.c = 9.9 Hz, {(CH3)3C}P-P(SiMes)Li;
31.80 ppm, (dd), Jr-c = 14.9 Hz, Jp.c = 2.5 Hz, {(CH3)3C}P-P(SiMes)Li;

e 30.82 ppm, (broad dd), Jp.c = 22.4 Hz, Jp-.c = 9.9 Hz, {(CH3)3C}P-P(SiMe3)H;
e 30.19 ppm, (dd), Jr-c = 14.9 Hz, Jp.c = 7.5 Hz, {(CH3)3C}P-P(SiMe3)H;

e 26.06 ppm, (s), (Me)(CH,=)C-OLi(THF)3;

e 25.34 ppm, (s), THF;

e 5.66 ppm, (broad dd), Jp.c = 9.9 Hz, Jp.c = 7.5 Hz, tBuP-P(SiMe3)Li;

e 1.03 ppm, (dd), Jp.c = 9.9 Hz, Jp.c = 4.9 Hz, tBurP-P(SiMe3)H;
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Figure S96. *C{'H} NMR-DEPT 135 (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2
with acetone in the range from 100 ppm to 0 ppm.
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B.2.8. Cyclohexanone

[rel]

31P{1H L

M 19.06
M -197.24
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-~ o
T T
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Figure S97. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
hexanone.

e 19.06 ppm, (d), Je-p = 188.7 Hz, Bu,P-P(SiMe3)H;
e -197.24 ppm, (d), Jp-p = 188.7 Hz, Bu,P-P(SiMe3)H;
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Figure S98. 'THNMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclohexanone.

e 4.49 ppm, (broad s), (cyclo-CH2CH2CH2CH.CH=C)OLIi(THF)3;

e 3.63 ppm and 1.52 ppm, (quintet), 24H, (cyclo-CH2CH2CH,CH,CH=C)OLIi(THF)3;
e 1.85ppm, (broad m), 2 H, (cyclo-CH2CH2CH>CH2CH=C)OLIi(THF)3;

e 1.74 ppm, (broad m), 2H, (cyclo-CH2CH>CH>CH>CH=C)OLIi(THF)3;

e 1.48 ppm, (dd), 1H, Jp.n = 188.4 Hz, Jp.H = 2.5 Hz, tBu2P-P(SiMe3)H,;

e 1.30 ppm, (broad m), 4H, (cyclo-CH.CH2CH>CH>CH=C)OLIi(THF)3;

e 1.20 ppm, (d), 18H, Jp.n = 11.4 Hz, tBu2P-P(SiMe3)H;

e 0.31 ppm, (dd), 9H, Jp-x = 4.2 Hz, Jpn = 0.6 Hz, tBuzP-P(SiMe3)H;
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Figure S99. '"H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclohexanone
in the range from 2.5 ppm to 0 ppm.
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Figure S100. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
hexanone.

e 159.32 ppm, (s), (cyclo-CH2CH2CH2CH2CH=C)OLIi(THF)3;

e 137.06, 128.45, 127.55, 20.03 ppm, toluene-ds;

e 89.53 ppm, (broad s), (cyclo-CH2CH2CH.CH2CH=C)OLIi(THF)3;

e 33.56 ppm, (s), (cyclo-CH2CH2CH>CH2CH=C)OLIi(THF)3;

e 31.21 ppm, (dd), Jr-c = 32.3 Hz, Jpc = 13.7 Hz, {(CH3)3C}.P-P(SiMe3)H;
e 30.18 ppm, (dd), Jr-c = 14.9 Hz, Jrc = 6.2 Hz, {(CH3)3C}2P-P(SiMes)H;
e 25.59 ppm, (s), (cyclo-CH2CH2CH2CH2CH=C)OLIi(THF)3;

e 24.95 ppm, (s), (cyclo-CH2CH2CH2CH2CH=C)OLIi(THF)3;

e 24.41 ppm, (s), (cyclo-CH2CH2CH2CH2CH=C)OLIi(THF)3;

e 1.01ppm, (dd), Joc = 9.9 Hz, Jr-c = 4.9 Hz, tBuzP-P(SiMe3)H;
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Figure S101. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
hexanone in the range from 45 ppm to 0 ppm.
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B.2.9. Acetophenone

29PH)

[rel]

M 263.61
_-M2188
— M19.07

M -197.30

T T T T T T T T T T T T T T T T T T T T T T T
200 100 0 -100 -200 [ppm]

Figure S102. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with aceto-
phenone.

e 263.61 ppm, (d), Jp-p =234.9 Hz, (Ph)MeC=P-PfBu, — E isomer;

e 21.89 ppm, (d), Jp-p = 234.9 Hz, (Ph)MeC=P-PtBu; — E isomer;

e 19.07 ppm, (d), 188.7 Hz, tBu,P-P(SiMes)H;

e -197.30 ppm, (d), 188.7 Hz, tBu,P-P(SiMes)H;

50 40 30 20 10 [ppm]

Figure S103. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with aceto-
phenone in the range from 50 ppm to 0 ppm.
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Figure S104. '"H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with acetophe-
none.

[1.80

e 7.93 ppm, (dd), 2H, Ju-# = 9.2 Hz, Ju-n = 1.1 Hz, (Ph)(CH2=)C-OLi(THF)3, (m-Ha);
e 7.15ppm, (t), 2H, Ju.n = 7.5 Hz, (Ph)(CH2=)C-OLIi(THF)3, (0-Har);

e 7.00 ppm, (t), 1H, Ju-+ = 7.5 Hz, (Ph)(CH2=)C-OLi(THF)3, (p-Har);

e 4.59 ppm and 4.29 ppm, (s), 2H, (Ph)(CH.=)C-OLIi(THF)s;

e 3.44 ppm and 1.28 ppm, (quintet), 24H of 3 THF molecules;

e 1.38 ppm, (dd), 1H, Jp.n = 187.2 Hz, Jp-H = 2.4 Hz, tBu2P-P(SiMe3)H,;

e 1.09 ppm, (d), 18H, Jp-n = 11.2 Hz, tBu2P-P(SiMe3)H;

e 0.21 ppm, (d), 9H, Jp-x = 4.2 Hz, tBuzP-P(SiMe3)H;
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Figure S105. 'H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reactioﬁ mixture of 2 with acetophenone
in the range from 2 ppm to 0 ppm.
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Figure S106. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with aceto-
phenone.

e 165.92 ppm, (5), (Ph)(CH2=)C-OLi(THF)s, (i-Ca/);

e 144.23 ppm, (s), (Ph)(CH2=)C-OLi(THF)3, (i-Car);

e 127.56 ppm, (s), (Ph)(CH2=)C-OLi(THF)3, (0-Car);

e 126.29 ppm, (s), (Ph)(CH2=)C-OLi(THF)3, (p-Car);

e 125.98 ppm, (s), (Ph)(CH2=)C-OLi(THF)3, (m-Ca/);

e 80.39 ppm, (s) (Ph)(CH2=)C-OLi(THF)s:

e 67.47 ppm and 25.23 ppm, (Ph)(CH2=)C-OLi(THF)3;

e 137.06, 128.46, 127.56, 124.72 and 20.04 ppm, Toluene-ds;

e 3135 ppm, (dd), Jpc = 34.2 Hz, Jp.c = 5.9 Hz, {(CH3)C}P-P(SiMes)H:;
e 30.19 ppm, (dd), Jp-c = 14.5 Hz, Jp.c = 5.5 Hz, {(CH3)C}2P-P(SiMe3)H;
e 4.67 ppm, (dd), Jp-c = 10.4 Hz, Jp.c = 5.2 Hz, {(CH3)C}2P-P(SiMe3)H;
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Figure S107. *C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with aceto-
phenone in the range of 85 ppm to 0 ppm.
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B.2.10. Cyclopropyl methyl ketone

IIP{1H}

25 [rel]
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- M -197.35
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200 100 0 -100 -200 [ppm]

Figure S108. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
propyl methyl ketone.

e 19.01 ppm, (d), Je-p = 188.9 Hz, Bu,P-P(SiMe3)H;
e -197.35 ppm, (d), Jr-p = 188,9 Hz, tBu,P-P(SiMe3)H;
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Figure S109. "H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclopropyl
methyl ketone.
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Figure S110. '"H NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclopropyl
methyl ketone in the range from 4 ppm to 0 ppm.

e 3.79 ppm, (broad s), 2H, (CH.CH.CH)(CH2>=)C-OLIi(THF)s;

e 3.76 and 1.52 ppm, (quinted), 24H, (CH.CH2CH)(CH2=)C-OLi(THF)3;
e 2.13 ppm, (sept.), 1H, (CH2CH2CH)(CH2=)C-OLi(THF)3;

e 1.50 ppm, (dd), 1H, Jp-s = 188.3 Hz, Jo.i = 2.7 Hz, tBu2P-P(SiMe3)H;
o 1.21ppm, (d), 18H, 1H, Jp- = 11.4 Hz, tBu-P-P(SiMes)H;

e 0.79 ppm, (broad m), 2H, (CH.CH>CH)(CH>=)C-OLi(THF)3;

e 0.55 ppm, (broad m), 2H, (CH2CH2CH)(CH>=)C-OLi(THF)3;
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Figure S111. 3C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
propyl methyl ketone.

e 142.07, 133.46, 132.56, 129.72, 25.03 ppm, tolene-ds;

e 174.14 ppm, (s), (CH2CH2CH)(CH,=)C-OLi(THF)3;

e 80.48 ppm, (s), (CH2CH2CH)(CH2=)C-OLi(THF)3;

e 72.49, 30.40 ppm, (S), (CH2CH2CH)(CH2=)C-OLIi(THF)3;

e 37.02 ppm, (broad d), Jp.c = 34.5 Hz, {(CH3)C}2P-P(SiMes)H;

e 35.18 ppm, (dd), Jp-c = 30.2 Hz, Jp.c = 5.4 Hz, {(CH3)C}2P-P(SiMe3)H;
e 22.93 ppm, (s), (CH2CH2CH)(CH2=)C-OLi(THF)3;

e 10.10 ppm, (s), (CH2CH2CH)(CH2=)C-OLi(THF)3;

e 7.82ppm, (dd), Jp-c =10.4 Hz, Jp.c = 5.1 Hz, {(CH3)C}2P-P(SiMes)H;
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Figure S112. 3C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
propyl methyl ketone in the range of 200 ppm to 70 ppm.
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Figure S113. 3C{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with cyclo-
propyl methyl ketone in the range of 50 ppm to 0 ppm.
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B.2.11. Isobutyraldehyde

31PftH)

[rel]

19,67
- M18.98
M 197.35
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Figure S114. *'P{'H} NMR (400 MHz, Toluene-ds, 298 K) spectrum of reaction mixture of 2 with isobu-
tyraldehyde.

254.78 ppm, (d), Jr-p = 220.8 Hz, {(Me).CH}(H)C=P-P¢Bu, — E isomer;
249.85 ppm, (d), Jp-p =212.8 Hz, {(Me)CH}(H)C=P-P/Bu; — Z isomer;
52.83 ppm, (d), Jp-p = 220.8 Hz, {(Me).CH}(H)C=P-P¢Bu, — E isomer;
19.47 ppm, (s), tBuPH;

18.98 ppm, (d), Je_p = 188.7 Hz, tBusP-P(SiMe3)H;

12.65 ppm, (d), Jp-p =212.8 Hz, {(Me).CH}(H)C=P-PfBu, — Z isomer;
-197.35 ppm, (d), Jr-p = 188.7 Hz, tBu,P-P(SiMes)H;

115



B.2.12. Cyclohexanecarboxaldehyde

39P({1H)

[rel]

— M 256.37
— M 25156
M53.16
M13.03

T T T T T T T T T T T T T T T T T T T T T
200 100 0 -100 [ppm]

Figure S115. 3'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated {cyclo-(CH2)sCH}(H)C=P-
PrBu,.

256.37 ppm, (d), Jp-p = 220.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu, — E isomer;
251.56 ppm, (d), Je-p = 212.8 Hz, {cyclo-(CH»)4sCH}(H)C=P-PtBu, — Z isomer;
53.16 ppm, (d), Jo-p = 220.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PrBu, — E isomer;
13.03 ppm, (d), Jp-p = 212.8 Hz, {cyclo-(CH2)sCH}(H)C=P-PtBu, — Z isomer;
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B.2.13. p-Tolualdehyde
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Figure S116. *'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of reaction mixture of 2 with p-Tolualde-
hyde.

Visible only one £ isomer

266.64 ppm, (d), Jp-p = 220.8 Hz, (p-Me-Ph)(H)C=P-PrBu;
56.69 ppm, (d), Jp-r = 220.8 Hz, (p-Me-Ph)(H)C=P-PtBuy;
19.13 ppm, (d), Jp-p = 188.9 Hz, fBuxP-P(SiMe3)H;

-197.20 ppm, (d), Jr-p = 188.9 Hz, tBu,P-P(SiMe3)H;
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B.2.14. 4-(dimethylamino)benzaldehyde

31P{1H)]

[rel]

M231.17
M57.73

200 I ‘ " e I o I I P I I P I[ppm]
Figure S117.3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)>N-Ph}(H)C=P-PBu.
(4d).

Visible only one £ isomer

e 231.17 ppm, (d), Jp-p = 224.9 Hz, {4-(Me):N-Ph}(H)C=P-PrBuy;
e 57.73 ppm, (d), Jp-p = 224.9 Hz, {4-(Me)>N-Ph}(H)C=P-P/Buy;
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Figure S118. '"H NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)N-Ph}(H}C=P-P/Bu, (4d).

Visible only one £ isomer
e 10.14 ppm, (dd), Jp.u = 21.8 Hz, Jp.u = 14.4 Hz, 1H, {4-(Me):N-Ph}(H)C=P-PrBuy;

e 7.60 ppm, (dd), Jo.u =9.2 Hz, Jp.u = 2.6 Hz, 2H, {4-(Me)N-Ph}(H)C=P-P/Bu (0-H);
e 6.21 ppm, (d), Jp-n = 8.9 Hz, 2H, {4-(Me)N-Ph}(H)C=P-PtBu, (m-H);

e 2.22 ppm, (s), 6H, {4-(Me):N-Ph}(H)C=P-PrBuy;

e 1.25ppm, (d), Jp-u = 11.1 Hz, 18H, {4-(Me)N-Ph}(H)C=P-PfBuz;
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Figure S119. 3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)>N-Ph}(H)C=P-PBu.
(4d) in the range from 10.5 ppm to 6 ppm.
119



T
[rel]

222
M1.256

L M 1

- |8

[ L

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
30 25 20 15 10 05 [ppm]

Figure S120. 3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)N-Ph}(H)C=P-PtBu,
(4d) in the range from 3 ppm to 0 ppm.
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Figure S121. *'P{'H}/'"H-HMBC (400 MHz, CsDs, 298 K) spectrum of isolated {4-(Me)N-Ph}(H)C=P-
PrBu; (4d).

120



13C{TH} T
o - ()] o
= o = © >
& b & g = 8 8 -3
= = = = 8 ==
| | Y
Y
e
= @
-
-
} o
il 1 " J}I { | ‘ I -
I v ! : : T : : : : T : : : T | : : v :
200 150 100 50 [ppm]

Figure S122. C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)N-Ph}(H)C=P-P/Bu,
(4d).

Visible only one £ isomer

e 197.40 ppm, (dd), Jp.c = 46.3 Hz, Jp.c = 39.9 Hz, {4-(Me):N-Ph}(H)C=P-P/Buy;
151.20 ppm, (d), Jo-c = 5.5 Hz, {4-(Me)2N-Ph}(H)C=P-P/Bu: (p-Car);
131.49 ppm, (dd), Jp.c = 16.3 Hz, Jpc = 11.8 Hz, {4-(Me)N-Ph}(H)C=P-P/Bu; (i-Ca:);
128.56 ppm, (d), Jo-c = 19.9 Hz, {4-(Me)2N-Ph}(H)C=P-PBu; (0-Ca:);
111.60 ppm, (d), Je-c = 19.9 Hz, {4-(Me),N-Ph}(H)C=P-P1Bu, (m-Ca);
39.22 ppm, (s), {4-(Me)>N-Ph}(H)C=P-PtBuy;
33.04 ppm, (dd), Jp.c = 22.7 Hz, Jp.c = 1.8 Hz, {4-(Me)2N-Ph}(H)C=P-P{C(CH3)3}2;
31.32 ppm, (dd), Jp.c = 13.6 Hz, Jp.c = 5.5 Hz, {4-(Me):N-Ph}(H)C=P-P{C(CHz3)3}2;
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Figure S123. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)N-Ph}(H)C=P-P/Bu,
(4d) in the range from 202 ppm to 192 ppm.

130{1H} z
- o) w o
o~ = =3 ©
- - @ -
w Ll o~ -
- = - - L e
= = = =

: : - T ‘ ‘ ; ‘ . - - . ; ‘ ‘ ‘ ‘ : - . - . ‘ .
150 140 130 120 110 [ppm]

Figure S124. C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me).N-Ph}(H)C=P-PBu.
(4d) in the range from 155 ppm to 105 ppm.
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Figure S125. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated {4-(Me)N-Ph}(H)C=P-P/Bu,
(4d) in the range from 45 ppm to 25 ppm.
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B.2.15. Biphenyl-4-carboxaldehyde
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Figure S126. *'P{'H} NMR (400 MHz, CsDs, 298 K) of isolated crystals of PhPh(H)C=P-P/Bu, (4e).
o 274.72 ppm, (d), Jp-p = 224.9 Hz, PhPh(H)C=P-P7Buy;
e 57.13 ppm, (d), Jp-p = 224.9 Hz, PhPh(H)C=P-P/Buy;
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Figure S127. '"H NMR (400 MHz, CsDs, 298 K) spectrum of isolated crystals of PhPh(H)C=P-PrBu. (4e).
e 10.16 ppm, (dd), 1H, Jp.n = 22.5 Hz, Jp.u = 13.4 Hz, PhPh(H)C=P-P/Buy;

e 7.67—7.04 ppm, 9H, aromatic protons, PhPh(H)C=P-PrBu,
e 1.28 ppm, (d), 18 H, Jp.y = 11.1 Hz, PhPh(H)C=P-PfBuy;
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Figure S128. ’C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated crystals of PhPh(H)C=P-PBu.
(4e).

196.94 ppm, (dd), Jo-c = 44.9 Hz, Jp.c = 39.5 Hz, PhPh(H)C=P-P {C(CH3)3}2;

142.24 ppm, (d), Jo-c = 7.18 Hz, PhPh(H)C=P-P {C(CH3)3}2 (i-Car);

140.47 ppm, (d), Jo-c = 1.5 Hz, PhPh(H)C=P-P {C(CH3)3}2 (i-Car)

140.46 ppm, (dd), Je.c = 15.8 Hz, Jp-c = 12.4 Hz, PhPh(H)C=P-P{C(CH3)3}2 (i-Car);
128.72 ppm, (s), PhPh(H)C=P-P {C(CH3)3}2 (0-Car);

127.34 ppm, (s), PhPh(H)C=P-P {C(CH3)3}2 (0-Car);

127.28 ppm, (d), Jr-c = 2.6 Hz, PhPh(H)C=P-P {C(CH3)3}2 (m-Car);

126.90 ppm, (s), PAPh(H)C=P-P {C(CHz3)3}2 (m-Car);

33.21 ppm, (dd), Je-c = 27.7 Hz, Jo-c = 2.27 Hz, PhAPh(H)C=P-P{C(CHz)3}2:

31.18 ppm, (dd), Jo-c = 13.8 Hz, Jp.c = 5.0 Hz, PhPh(H)C=P-P {C(CHz)3}2;
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Figure S129. ’C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated crystals of PhPh(H)C=P-P7Bu,
(4e) in the range from 200 ppm to 190 ppm.
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Figure S130. C{'H} NMR (400 MHz, CsDs, 298 K) spectrum of isolated crystals of PhPh(H)C=P-PBu.
(4e) in the range from 145 ppm to 125 ppm.
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Figure S131. ’C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of isolated crystals of PhPh(H)C=P-PtBu,
(4e) in the range from 40 ppm to 20 ppm.
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B.3. Decomposition of the isolated crystals of phosphanylphosphaalkenes
B.3.1. (Ph).C=P-PtBu> (3a)

First day

After 5 days

After 7 days

After 2 weeks

Figure S132. Decomposition of crystal 3a over time.

127



l | After 2 weeks| .
ﬂ T After 7 days| "
:—a
l | After 5 days|
|| | First day [ =
' ‘ ' ' 200 ' ' ' 0 ' ' ‘ 200 ' ‘ C em

Figure S133.3'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of decomposition of (Ph),C=P-PtBu; (3a)
dissolved in CsDs and measured immediately after dissolving, after 5, 7 days and 2 weeks.
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Figure S134. 3'P{'"H} NMR (400 MHz, CsDs, 298 K) spectrum of (Ph),C=P-PrBu. (3a) crystals after 2
weeks in the air conditions.

e 66.00 ppm, (s), IBuPH(=0);
e 33.51 ppm, (s), Pho(H)C-PH(=O)(OH);
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Figure S135. 3'P NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph),C=P-PtBu: (3a) crystals after 2 weeks
in the air conditions.
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Figure S136. *'P NMR (400 MHz, C¢D¢, 298 K) spectrum of (Ph),C=P-PBu. (3a) crystals after 2 weeks
in the air conditions in the range from 80 ppm to 20 ppm.

e 66.01 ppm, (doublet of multiplets), Jp-n = 441.7 Hz, (Bu,PH(=0);
e 33.51 ppm, (dd), Jeu = 560.2 Hz, Jp.u = 19.4 Hz, Pho(H)C-PH(=0)(OH).
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Figure S137. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph),C=P-PfBu, (3a) crystals after 2 weeks
in the air conditions.

e 11.91 ppm, (broad s), Pho(H)C-PH(=0O)(OH);

e 7.31ppm, (d), 4H, Ju-u = 7.6 Hz, Pho(H)C-PH(=0)(OH), 0-Ha;
e 7.04 ppm, (t), 4H, Ju-n = 7.6 Hz, Ph2(H)C-PH(=0)(OH), m-Ha;
e 6.97 ppm, (q), 2H, Ju-H = 6.7 Hz, Ph2(H)C-PH(=0)(OH), p-Har;
e 6.91 ppm, (d), 1H, Jp-x = 560.2 Hz, Ph2(H)C-PH(=0)(OH);

e 5.63 ppm, (d), 1H, Jp.u=441.7 Hz, tBuPH(=0);

e 4.09 ppm, (d), 1H, Jp-x = 19.4 Hz, Ph(H)C-PH(=0)(OH);

e 0.83 ppm, (d), 18H, Jp.u = 15.3 Hz, Bu2PH(=0);
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Figure S138. 'H NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph).C=P-PfBu, (3a) crystals after 2 weeks
in the air conditions in the range from 9 ppm to 5 ppm.

130

414

"
&
X

1050

Joa7




[rel]

s 2O,
=@

— M135.30

29,

8

T

2

M53.35

— M3285
— 2495

T T T T T T T T T T T T T T T T T T T T
200 150 100 50 [ppm]

Figure S139. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph),C=P-P¢Bu; (3a) crystals after 2
weeks in the air conditions.
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Figure S140. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph),C=P-P/Bu, (3a) crystals after 2
weeks in the air conditions in the range from 140 ppm to 120 ppm.

135.30 ppm, (d), Jr-c = 4.7 Hz, Pho(H)C-PH(=0)(OH), i-Cas;
129.83 ppm, (d), Jr-c = 8.4 Hz, Pho(H)C-PH(=0)(OH), 0-Cas;
128.60 ppm, (s), Pho(H)C-PH(=0)(OH), m-Ca;

127.12 ppm, (d), Jr-c = 1.4 Hz, Pho(H)C-PH(=0O)(OH), p-Car;
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Figure S141. *C{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (Ph),C=P-P¢Bu; (3a) crystals after 2
weeks in the air conditions in the range from 70 ppm to 0 ppm.

e 53.35 ppm, (d), Jp-c = 90.46 Hz, Pho(H)C-PH(=0)(OH);
e 32.85ppm, (d), Jp.c = 60.1 Hz, {CH3)3C},PH(=0);
e 2495 ppm, (d), Jr.c = 1.8 Hz, {CH3)3C},PH(=0);
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B.3.2. (Ph)(4-CN-Ph)C=P-PtBu; (3¢)

100 [rel]
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Figure S142. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum of (Ph)(4-CN-Ph)C=P-P/Bu; (3¢) crystals
after 2 weeks in the air condition.

e 64.33 ppm, (s), tBuzPH(=0);
e 37.52 ppm, (s), (Ph)(4-CN-Ph)HC-PH(=0O)(OH);
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Figure S143. *'P NMR (400 MHz, CsDs, 298 K) spectrum of (Ph)(4-CN-Ph)C=P-PBu: (3c) crystals after
2 weeks in the air condition.

e 64.33 ppm, (doublet of multiplets), Jp-u = 445.7 Hz, tBu,PH(=0);
e 37.52 ppm, (doublet of multiplets), Jp.u = 505.9 Hz, (Ph)(4-CN-Ph)HC-PH(=O)(OH);
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B.3.3. (4-CN-Ph),C=P-PtBu; (3d)
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Figure S144. *'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (4-CN-Ph),C=P-PfBu, (3d) crystals
after 2 weeks in the air conditions.

e 63.03 ppm, (s), tBuzPH(=0);
e 37.49 ppm, (s), (4-CN-Ph)>(H)C-PH(=0)(OH);

o
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Figure S145. 3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (4-CN-Ph),C=P-PfBu, (3d) crystals
after 2 weeks in the air conditions.

e 63.03 ppm, (d), Jp-u = 440.9 Hz, Bu,PH(=0);
e 37.49 ppm, (dd), Jp.u = 560.3 Hz, Jpu = 16.1 Hz, (4-CN-Ph)2(H)C-PH(=0)(OH);
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B.3.4. (4-MeO-Ph),C=P-PtBus (3¢)
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Figure S146. *'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum of (4-MeO-Ph),C=P-P/Bu, (3e) crystals
after 2 weeks in the air conditions.

e 62.70 ppm, (s), tBuzPH(=0);
e 37.47 ppm, (s), (4-MeO-Ph)>(H)C-PH(=0O)(OH);
e 19.47 ppm, (s), 1BuPH;

=
M62.87
M37.53
M19.50
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Figure S147. 3'P{'H}-NMR (400 MHz, C¢Ds, 298 K) spectrum of (4-MeO-Ph),C=P-P/Bu, (3€) crystals
after 2 weeks in the air conditions.

e 62.87 ppm, (doublet of multiplets), Jp.u = 425.6 Hz, tBu,PH(=0);
e 37.53 ppm, (dd), Jeu = 507.2 Hz, Jp.u = 18.4 Hz, (4-MeO-Ph)>(H)C-PH(=0)(OH);
e 19.5 ppm, (doublet of multiplets), Jp-n = 188.7 Hz, tBuxPH;
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B.3.5. {(Me)2N-Ph}(H)C=P-PtBu; (4d)

ﬂ ﬁ after 1 month under air conditions:_s
ﬂ jl after 2 weeks under air conditions;g
Jl ﬂ after 1 week under air conditionsi—e
jl J| directly after isolation _‘°
- - T w e T a em

Figure S148. 3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum presented stability investigation of
{(Me)2N-Ph}(H)C=P-P¢Bu; (4d) under air conditions.
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B.3.6. PhPh(H)C=P-PtBu; (4¢)

Jl Jl after 1 month under air conditions ig

J[ Jl after 2 weeks under air conditions :g

J[ J[ after 1 week under air conditions }2

Jl Jl directly after isolation | ®
' -

Figure S149. *'P{'H} NMR (400 MHz, CsDs, 298 K) spectrum presented stability investigation of
PhPh(H)C=P-P/Bu; (4€) under air conditions.
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B.3.7. Stability of (Ph).C=P-PtBu, (3a) in water

[rel]

\‘ “ After 2 weeks |

J “ After 48 hours |

Immediately after the addition of water-°

] : ; ) " : : :
200 [ -200 [ppm)

Figure S150. 3'P{'H} NMR (400 MHz, C¢Ds, 298 K) spectrum presented stability investigation of
(Ph)>C=P-PrBu; (3a) in water.
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PART C. Crystallographic data

The X-ray intensity data for 3a, 3c, 3d, 3e, 4d, 4e, and 5 were measured with an IPDS2T diffractometer
equipped with an IPDS2T STOE image plate detector system and microfocus X-ray sources providing Ka
radiation by high-grade multilayer X-ray mirror optics for Mo (A = 0.71073 A, 3e, 3f and 4e) and Cu (A =
1.54186 A, 3a, 3¢, 3d, 4d, 5) wavelengths. The all measurements were carried out at 120 K. The structures
of the compounds were solved by direct methods and refined against 72 with the Shelxs-2008 and Shelxl-
2008 programs® run under WinGX.” Non-hydrogen atoms were refined with anisotropic displacement pa-
rameters. The isotropic displacement parameters of all hydrogens were fixed to 1.2 Ueq for CH and CH»
(1.5 times for methyl groups).

The crystallographic data for the structures of 3a, 3¢, 3d, 3e, 3f, 4d, 4e, and 5 reported in this paper have
been deposited in the Cambridge Crystallographic Data Centre as supplementary publication No. CCDC
2077813-2077819 and 2087482. Copies of the data can be obtained free of charge upon application to the
CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (Fax: (+44) 1223-336-033; E mail: de-
posit@ccdc.cam.ac.uk).
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Table S1. Crystallographic data for 3a, 3¢, 3d, and 3e.

3a 3c 3d 3e
Empirical formula Ca1H2sP2 Ca2H27N1P2 Cs3HeoN4P4 C23H3202P2
Formula weight 684.74 367.38 876.93 402.42
Radiation source Cu-Ka Cu-Ka Cu-Ka Mo-Ka
Crystallographic System Monoclinic Orthorhombic Monoclinic Monoclinic
Space group C2/c Pbcn P2i/c P21/n
a[A] 15.2838(7) 24.4705(11) 16.0860(3) 10.1084(14)
b[A] 10.1380(4) 9.0836(3) 16.7747(3) 20.209(3)
c[A] 26.3114(11) 18.7680(7) 18.1220(4) 11.8485(17)
al°] 90 90 90 90
AN 101.444(4) 90 93.719(2) 110.326(10)
y[°] 90 90 90 90
V [A3] 3995.8(3) 4171.8(3) 4879.70(19) 2269.7(6)
z 8 8 4 4
Calculated Density [g-cm™] 1.138 1.170 1.194 1.178
T[K] 120(2) 120(2) 120(2) 120(2)
u [mm] 1.935 1.904 1.723 0.2060
Final R indices 0.0410 0.0686 0.0430 0.7070
[1>26(D)] 0.1054 0.1708 0.1049 0.1759
R indices (all data) 0.0496 0.1064 0.0500 0.1332
[1>26(1)] (all data) 0.1107 0.2090 0.1089 0.2019
CCDC 2077813 2077814 2077816 2077815
Table S2. Crystallographic data for 3f, 4d, 4e, and 5.
3f 4d 4e 5
Empirical formula Ci9H32P2 C3aHs5N2P4 Ca1H2sP2 C24H72Lis0sSis
Formula weight 322.38 618.7 342.37 769.05
Radiation source Mo-Ka Cu-Ka Mo-Ka Cu-Ka
Crystallographic System Orthorhombic Monoclinic Monoclinic Tetragonal
Space group P212121 C2lc 12/a I-4
a[A] 10.1040(2) 40.670(2) 23.6882(16) 13.6438(4)
b [A] 12.2845(4) 6.1403(2) 5.9485(2) 13.6438(4)
c[A] 15.8640(4) 35.368(2) 29.8384(19) 13.3861(4)
al°] 90 90 90 90
BI°] 90 122.345(4) 111.433(5) 90
7 [°] 90 90 90 90
VA3 1969.08(9) 7462.0(7) 3913.7(4) 2491.87(16)
z 4 8 8 2
Calculated Density [g-cm™] 1.087 1.101 1.162 1.025
T[K] 120(2) 120(2) 120(2) 120(2)
u [mm?] 0.215 2.033 0.221 2.283
Final R indices 0.0319 0.0812 0.0686 0.0790
[1>25(D)] 0.0831 0.1899 0.2010 0.2049
R indices (all data) 0.0354 0.1802 0.1111 0.0862
[1>26(1)] (all data) 0.0848 0.2331 0.2208 0.2209
CCcDC 2087482 2077817 2077818 2077819
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Figure S151. X-ray crystal structure of (4-CN-Ph),C=P-/Bu, (3d) (the independent part of the unit cell;
ellipsoids are drawn at the 50% probability level, hydrogen atoms are omitted and carbon atoms are drawn
as sphere for clarity). Important distances (A) and angles (deg): C1-P1 1.697(2), P1-P2 2.222(8), C24-P3
1.691(2), P3-P4 2.2184(8); C1-P1-P2 104.90(7), C24-P3-P4 103.92(7).

Figure S152. X-ray crystal structure of (4-MeO-Ph),C=P-rBu: (3e) (ellipsoids are drawn at the 50% prob-
ability level, hydrogen atoms are omitted and carbon atoms are drawn as sphere for clarity). Important
distances (A) and angles (deg): C1-P1 1.707(3), P1-P2 2.2114(12); C1-P1-P2 103.65(12).
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Figure S153. X-ray crystal structure of fBu(Ph)C=P-rBu; (3e) (ellipsoids are drawn at the 50% probability
level, hydrogen atoms are omitted and carbon atoms are drawn as sphere for clarity). Important distances
(A) and angles (deg): C1-P1 1.6936(16), P1-P2 2.2245(6); C1-P1-P2 103.38(6).

Figure S154. X-ray crystal structure of [LiOSiMes]s (5) (ellipsoids are drawn at the 50% probability level,
hydrogen atoms are omitted and carbon atoms are drawn as sphere for clarity). Important distances (A) and
angles (deg): O1-Sil 1.615(6), 02-Si2 1.606(7), O1-Lil 1.896(19), O1-Li2 1.903(18), O2-Lil 1.91(2), O2-
Li2 1.876(17); Li1-O1-Li2 79.0(7), Li1-O2-Li2 80.3(8).
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PART E. DFT calculations
E.1. General methods

All calculations presented in the paper were performed using the Gaussian 098 program package.
Molecular geometries of all compounds were optimized using density functional theory at the TPSSTPSS
functional by Tao et al® with 6-31+G(d,p) basis set for: C, H, N, Cl, O, Si, Li, P, and LANL2DZ basis set
for Ti. The TPSSTPSS exchange-correlation functional has been chosen, as it has good overall performance
for the description of kinetic and thermodynamic parameters of reactions. By adding GD3BJ keyword that
includes D3 version of Grimme dispersion with Becke-Johnson'® damping into calculations it also accounts
well for long-range and dispersion interactions. Molecular geometries were energy-optimized and the most
stable (the lowest energy) conformer was identified during the potential energy surface scanning. Nature
of the final gas-phase geometries as local minima (no imaginary frequencies) or transition states (one
imaginary frequency) on the potential energy surface was then validated by harmonic frequency
calculations at the same level of theory. Values of calculated energies, enthalpies and Gibbs free-energies
derived from thermochemical calculations were corrected for the zero-point energy (ZPE). Scans of poten-
tial energy surface along the tBuPP/RR’C=0, Ti/O=CRR’ and C=0 bonds were performed to establish
local minima corresponding to transition products and confirm proposed mechanism of the reaction. Local
maxima related to transition states were also established and validated by IRC calculations (to confirm that
a located saddle points lie on the minimum energy path between assumed minima) and used to determine
energy barriers between respective transformations. Values of energy barriers AG' and AH' of reactions 3a-
3j were determined as the difference between energy of rate-determining transition state and rate-determin-
ing intermediate as described.!

Molecular geometries of [(BDI*)Ti(Cl){#?-P-PtBuz}] (1), 3a-3j and respective ketones were re-
optimized and geometries of 4a-4e and [(BDI*)Ti(Cl){»?-P(SiMes)-PtBu2}] were optimized using density
functional theory at the ®B97XD functional®® 12 13 with 6-31+G(d,p) basis set before calculating properties
of these species (NMR shifts and Fukui Functions). Theoretical 3'P NMR shifts of 3a-3j and 4a-4e were
determined by calculating NMR shielding tensors using Gauge-Independent Atomic Orbital (GIAO)'*
method at the MN12SX*/cc-pvdz level of theory including presence of a solvent (benzene) using the
CPCM polarizable conductor calculation model.'® Condensed Fukui functions'” and dual descriptors'’: 18
were determined using optimized structures to single point calculations on 1, [(BDI*)Ti(C){#*-P(SiMes)-
PtBu.}] and ketones for N, N-1 and N+1 electron states at ®B97XD/DefTZVP® 2% for 1, [(BDI*)Ti(Cl){#?-
P(SiMe3)-PtBu.}] and ®B97XD/6-31+G(d,p) level of theory for ketones. Condensed to atom parameters
were calculated using partial charges derived via Hirshfeld population analysis.
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Table S3. Experimental and calculated 3:P{*H} NMR shifts for the formed phosphanylphosphaalkenes.

3Ip{1H} NMR-exp. 31p{*H} NMR-theor.
Phosphanylphosphaalkenes
P(1) [ppm] P(2) [ppm] Jr-p [HZ] P(1) [ppm] P(2) [ppm]

3a 277.32 27.39 228.9 278.26 30.99

3b 297.17 9.57 228.4 297.43 2.07
3c_E 303.89 28.98 228.9 306.88 28.83
3c Z 286.27 27.77 228.9 288.40 27.19

3d 311.26 29.40 232.5 321.03 30.26

3e 258.28 28.28 228.9 254.30 30.93
3f E 265.96 21.31 216.9 268.83 20.12
3f Z 261.05 16.15 230.4 256.58 16.70

39 234,73 23.14 228.9 236.65 22.11

3h 221.02 19.51 228.8 219.62 16.76
3i_E 263.63 21.91 234.9 262.57 23.52
3i Z 253.06 24.65 222.8 255.49 24.02
3j_E 225.87 17.00 232.9 224.88 17.18
3j Z 232.48 18.52 232.9 232.63 19.50
da E 254.39 52.82 220.8 254.39 50.63
da Z 249.40 12.85 212.8 249.21 12.63
4b_E 256.25 52.23 220.8 255.34 50.08
4b 7 251.24 13.17 212.8 251.29 16.16
4c E 266.61 56.72 220.8 264.64 52.49
4c Z not observed not observed not observed 268.00 12.09
4d E 231.17 57.73 224.9 230.41 63.45
4d_z not observed not observed | not observed 229.63 19.85
4e E 274.72 57.13 224.9 281.10 58.14
de Z not observed not observed | not observed 228.31 18.14
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Table S4. Selected computational parameters obtained for considered systems (in atomic units A.U.): go - electronic energy; €o+... - sum of
electronic and: Ezpe - zero-point energies, Eterm - thermal energies, H— thermal enthalpies, G - thermal free energies calculated at
TPSSTPSS//6-31+G(d,p) [TPSSTPSS//LANL2DZ for Ti] level of theory. Values of AH and AG were calculated as the difference be-
tween energy of given transition state/intermediate or products and substrates (1 and respective ketone).

Substrates

AH AG

Compound Eeecr [AU] | % FEze | st Boem | AUT | 00+ GIAU] | [keal | [keal

[AU] [AU] mol] | mol]

1 -2756.748730 | -2755.870773 | -2755.818193 | -2755.817249 | -2755.952186 - -

(Ph)2C=0 (3a) -576.804227 | -576.615676 | -576.604657 | -576.603713 | -576.653632 - -

9-fluorenone (3b) -575.607850 | -575.440898 | -575.431082 | -575.430138 | -575.476274 - -

(Ph)(4-CN-Ph)C=0 (3c) | -669.067353 | -668.880585 | -668.867673 | -668.866729 | -668.921430 - -

(4-CN-Ph),C=0 (3d) | -761.329100 | -761.144129 | -761.129331 | -761.128386 | -761.187795 - -

(4-MeO-Ph),C=0 (3e) | -805.909108 | -805.656488 | -805.640181 | -805.639237 | -805.701418 - -

tBu(Ph)C=0 (3f) -502.981595 | -502.762110 | -502.749873 | -502.748929 | -502.801997 - -

Me2C=0 (3g) -193.205228 | -193.122707 | -193.117135 | -193.116190 | -193.151963 - -

Cyclohexanone (3h) | -309.979720 | -309.830773 | -309.824136 | -309.823192 | -309.861339 - -

Me(Ph)C=0 (3i) -385.005760 | -384.869848 | -384.861830 | -384.860886 | -384.902834 - -

cyclo-PrMeC=0 (3j) | -270.622260 | -270.504781 | -270.498094 | -270.497150 | -270.535365 - -

[(BDI*)Ti(Cl)(uz-0)]2 | -3667.011357 | -3665.739078 | -3665.661895 | -3665.660951 | -3665.846223 - -
Formation of 3a

AH AG

Compound Eeecr [AU] | 2 FEzE | st Buem | iAU] | 00+ GIAU] | [keal | [keal

[AU] AUl mol] | mol?]

TS1 -3333.543647 | -3332.475563 | -3332.411768 | -3332.410824 | -3332.566603 | 6.49 | 25.11

11 -3333.566908 | -3332.498405 | -3332.435040 | -3332.434096 | -3332.589349 | -8.41 | 10.55

TS2 -3333.550495 | -3332.483334 | -3332.419367 | -3332.418423 | -3332.575538 | 1.63 | 19.39

3a -1500.108057 | -1499.678736 | -1499.653113 | -1499.652169 | -1499.734600 | -39.50 | -33.23
Formation of 3b

AH AG

Compound Eelectr [A.U.] & + Ezee eo* Btvem | L HIAUD | s+ GIAU] | [keal [kcal

AUl AUl molt] | mol?]

TS1 -3332.345641 | -3331.300647 | -3331.236919 | -3331.235975 | -3331.394539 | 7.31 | 21.72

11 -3332.387966 | -3331.343114 | -3331.278745 | -3331.277801 | -3331.439957 | -19.48 | -7.36

TS2 -3331.061988 | -3331.306390 | -3331.242609 | -3331.241665 | -3331.401609 | 3.66 | 17.19

3b -1498.916061 | -1498.507926 | -1498.483457 | -1498.482513 | -1498.561712 | -42.01 | -36.09
Formation of Z-3c

AH AG

Compound Eaeer [AU] | % FEze | st Buem | iAU] | 00+ GIAU] | [keal | [keal

[AU] [AU] mol] mol]

TS1 -3425.801373 | -3424.736391 | -3424.669843 | -3424.668899 | -3424.833818 | 9.66 | 25.49

11 -3425.832789 | -3424.766083 | -3424.700728 | -3424.699784 | -3424.859765 | -10.12 | 8.87

TS2 -3425.816070 | -3424.750788 | -3424.684755 | -3424.683811 | -3424.846532 | 0.11 | 17.34

Z-3c -1592.373550 | -1591.946022 | -1591.918434 | -1591.917490 | -1592.008632 | -40.98 | -37.22
Formation of E-3c

AH AG

Compound Eoer [AU] | S0FEzE | gt Biem | TAUL | 0+ GIAU] | [keal | [keal

AUl AUl molt] | mol?]

TS1 -3425.801416 | -3424.736298 | -3424.669830 | -3424.668886 | -3424.833410 | 9.66 | 25.75

11 -3425.834087 | -3424.767168 | -3424.700973 | -3424.700029 | -3424.864483 | -10.28 | 5.85

TS2 -3425.817367 | -3424.751839 | -3424.685943 | -3424.684999 | -3424.847081 | -0.65 | 16.99
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E-3c \ -1592.373062 \ -1591.945502 \ -1591.917949 \ -1591.917005 \ -1592.004427 \ -40.66 \ -34.53
Formation of 3d
g0 + Ezpe €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[A.U] [keal [keal
[AU] AUl molY] | mol?]
TS1 -3518.064129 | -3517.000819 | -3516.932399 | -3516.931455 | -3517.100871 9.08 25.04
11 -3518.099878 | -3517.034963 | -3516.966781 | -3516.965836 | -3517.133998 | -12.94 3.83
TS2 -3518.082024 | -3517.018253 | -3516.950417 | -3516.949473 | -3517.116290 -2.46 15.17
3d -1684.637380 | -1684.211522 | -1684.182081 | -1684.181137 | -1684.273200 | -42.25 -36.07
Formation of 3e
g0 + Ezpe €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[A.U] [keal [keal
[AU] [AU] mol?] mol]
TS1 -3562.643329 | -3561.512310 | -3561.442535 | -3561.441591 | -3561.613514 9.54 25.67
11 -3562.667753 | -3561.535290 | -3561.466506 | -3561.465562 | -3561.633290 -5.81 13.01
TS2 -3562.650177 | -3561.518739 | -3561.449394 | -3561.448450 | -3561.619847 5.15 21.62
3e -1729.211092 | -1728.717918 | -1728.686886 | -1728.685942 | -1728.781542 | -38.38 -32.69
Formation of Z-3f
g0 + Ezpe €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[AU] [keal [keal
[AU] AUl molt] | mol?]
TS1 -3259.710657 | -3258.613782 | -3258.547802 | -3258.546858 | -3258.710307 | 12.37 28.10
11 -3259.745009 | -3258.646559 | -3258.580852 | -3258.579908 | -3258.743156 -8.79 7.06
TS2 -3259.721157 | -3258.624271 | -3258.558637 | -3258.557693 | -3258.719743 5.43 22.05
Z-3f -1426.284266 | -1425.823812 | -1425.797217 | -1425.796273 | -1425.879964 | -38.79 | -31.31
Formation of E-3f
g0 + Ezpe €0 + Etherm AH AG
Compound Eetectr [A.U.] eo+H[AU] | eo+ G[AU] [keal [keal
[AU] AUl mol] | mol?]
TS1 -3259.709289 | -3258.611816 | -3258.546029 | -3258.545085 | -3258.707911 1351 29.63
11 -3259.750650 | -3258.651891 | -3258.586596 | -3258.585652 | -3258.745580 | -12.47 5.51
TS2 -3259.709324 | -3258.613192 | -3258.547310 | -3258.546366 | -3258.709311 12.69 28.73
E-3f -1426.276102 | -1425.815444 | -1425.788971 | -1425.788027 | -1425.870835 | -33.51 -25.46
Formation of 3g
€0 + Ezpe €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[AU] [kcal [keal
AUl AUl molt] | mol?]
TS1 -2949.941184 | -2948.979370 | -2948.921003 | -2948.920059 | -2949.066336 8.57 24.21
11 -2949.976905 | -2949.012292 | -2948.954440 | -2948.953496 | -2949.097690 | -12.84 4.14
TS2 -2949.954136 | -2948.991811 | -2948.933817 | -2948.932873 | -2949.078147 0.36 16.65
39 -1116.504264 | -1116.179412 | -1116.160195 | -1116.159251 | -1116.224752 | -36.04 -27.99
Formation of 3h
g0 + Ezpe €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[AU] [kcal [keal
AUl AUl molt] | mol?]
TS1 -3066.720932 | -3065.693363 | -3065.633362 | -3065.632418 | -3065.782222 5.14 20.05
11 -3065.643079 | -3065.726890 | -3065.666875 | -3065.665931 | -3065.815357 | -16.32 | -1.17
TS2 -3066.734289 | -3065.706151 | -3065.646546 | -3065.645602 | -3065.793980 | -3.30 | 12.52
3h -1233.281831 | -1232.891297 | -1232.870388 | -1232.869444 | -1232.940059 | -38.09 -31.79
Formation of Z-3i
Compound | Eeer[AU] | | e +H[AU] | 20+ GIAU] | ]
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€0 + Ezre €0 + Etherm AH AG
[keal [keal
[AU] [AU] mol1] mol]
TS1 -3141.741552 | -3140.726565 | -3140.665373 | -3140.664429 | -3140.816754 8.78 24.50
11 -3141.775999 | -3140.759481 | -3140.698448 | -3140.697504 | -3140.848972 | -12.40 3.87
TS2 -3141.753018 | -3140.738392 | -3140.677367 | -3140.676422 | -3140.827716 1.10 17.48
Z-3i -1308.303326 | -1307.926242 | -1307.903806 | -1307.902862 | -1307.977266 | -35.35 -29.05
Formation of E-3i
€0 + Ezpe €0 + Etherm Al AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[AU] [kcal [keal
[AU] [AU] mol1] mol]
TS1 -3141.738647 | -3140.726033 | -3140.663718 | -3140.662774 | -3140.820871 9.84 21.87
11 -3141.779931 | -3140.765400 | -3140.703694 | -3140.702750 | -3140.858301 | -15.76 -2.10
TS2 -3141.741103 | -3140.728468 | -3140.666462 | -3140.665518 | -3140.823623 | 8.08 20.11
E-3i -1308.304831 | -1307.927558 | -1307.905167 | -1307.904222 | -1307.978895 | -36.22 | -30.09
Formation of Z-3j
€0 + Ezre €0 + Etherm Af AG
Compound Eetectr [A.U.] eo+H[AU] | eo+ G[AU] [keal [keal
[AU] [AU] mol1] mol ]
TS1 -3027.360404 | -3026.363588 | -3026.303963 | -3026.303019 | -3026.451866 | 7.29 22.85
11 -3027.387622 | -3026.389660 | -3026.329937 | -3026.328993 | -3026.478119 | -9.35 6.04
TS2 -3027.367428 | -3026.370859 | -3026.311326 | -3026.310381 | -3026.458934 | 2.57 18.33
Z-3j -1193.919416 | -1193.560030 | -1193.539316 | -1193.538372 | -1193.607826 | -34.87 | -27.78
Formation of E-3j
€0 + Ezpre €0 + Etherm AH AG
Compound Eelectr [A.U.] eo+H[AU] | so+ G[AU] [kcal [keal
[AU] AUl mol] | mol?]
TS1 -3027.359489 | -3026.362673 | -3026.303048 | -3026.302104 | -3026.450951 | 7.87 23.44
11 -3027.380572 | -3026.383537 | -3026.324367 | -3026.323423 | -3026.473032 | -5.78 9.30
TS2 -3027.361618 | -3026.366779 | -3026.307433 | -3026.306489 | -3026.455933 5.07 20.25
E-3j -1193.918065 | -1193.558825 | -1193.538062 | -1193.537118 | -1193.606958 | -34.06 -27.23
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Table S5. Selected computational parameters obtained for considered systems (in atomic units A.U.): go - electronic energy; €o+... - sum of
electronic and: Ezpe - zero-point energies, Eterm - thermal energies, H— thermal enthalpies, G - thermal free energies calculated at
TPSSTPSS//6-31+G(d,p).

Reaction of acetone with tBu2P-PSiMes(LiTHF3)

Eelectr €0 + Ezpre €0 + Etherm AHzssi | AGazsex
Compound g+H[AU] |eo+G[AU]| [k [kI | Kogek | a[%]
[AU] [AU] | [AU] N
CH3COCH3 -193.205228 | -193.122707 | -193.117135 | -193.116190 | -193.151963
tBu2PP(SiMes)H -1408.490128 1408.126216 | 1408.103133 -1408.102189 1408.176256
- 5.60 -4.03 5.09 | 83.57
CH2C(OLiTHF3)CHs -897.791336 | -897.366748 | -897.341144 | -897.340200 | -897.430294
tBu2PP(SiMes)Li-3THF | -2113.086524 2112378529 | 2112.335690 -2112.334946 2112.453052
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E.2. Philicity of selected atoms in 1, [(BDI*)Ti(Cl){#?-P(SiMes)-PtBu2}] and ketones

Table S6. Values of nucleophilic (fn), electrophilic(fe) Fukui functions and dual descriptors (Af) calculated using partial charges derived
via Hirshfeld Population Analysis.

[(BDI)Ti(Cl){#?-P-PtBuz}] (1)
tBuP P Ti(IV)

N fe Af fn fe Af N fe Af
0.048 0.045 -0.003 0.241 0.158 -0.083 0.067 0.148 0.081
[(BDI*)Ti(Cl){#?-P(SiMes)-PtBu2}]
tBuP MesSiP Ti(l)
fn fe Af fn fe Af fn fe Af
0.030 0.024 -0.006 0.069 0.036 -0.033 0.137 0.203 0.066

Table S7. Values of nucleophilic (fn), electrophilic(fe) Fukui functions and dual descriptors (Af) calculated using partial charges derived
via Hirshfeld Population Analysis.

Compound c °
N fe Af N fe Af

(Ph)2C=0 0.057 0.127 0.070 0.266 0.141 -0.125
9-fluorenone 0.077 0.113 0.036 0.311 0.142 -0.169
(Ph)(4-CN-Ph)C=0 0.055 0.101 0.046 0.255 0.121 -0.134
(4-CN-Ph).C=0 0.053 0.106 0.053 0.245 0.124 -0.120
(4-MeO-Ph).C=0 0.027 0.130 0.103 0.139 0.141 0.002
tBu(Ph)C=0 0.078 0.121 0.043 0.295 0.136 -0.159
Me2C=0 0.121 0.213 0.092 0.386 0.228 -0.159
Cyclohexanone 0.109 0.109 -0.001 0.341 0.134 -0.207
Me(Ph)C=0 0.086 0.123 0.037 0.342 0.147 -0.194
cyclo-PrMeC=0 0.097 0.192 0.094 0.349 0.186 -0.163
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E.3. Optimized structures and Cartesian coordinates
E.3.1. Substrates and by-products

Figure S155. Optimized structure of 1.
Below are presented xyz coordinates for optimized geometry of 1:

-3.12142900 -0.43821000 0.21235000
-3.18317000 -1.08400800 1.47197200
-4.30821200 -0.85662700 2.27879200
-4.37722600 -1.34288600 3.24957700
-5.33314700 0.00231700 1.86335500
-6.19604900 0.17278100 2.50510000
-5.23283100 0.65688400 0.63396500
-6.01724400 1.34724100 0.32732700
-4.13090600 0.45450700 -0.21788100
-2.04603600 -1.98798600 1.92913000
-1.12887400 -1.56972900 1.48867900
-2.22643800 -3.42775600 1.39737800
-1.42235500 -4.07676700 1.76836600
-2.20472000 -3.45874100 0.30167100
-3.18491400 -3.84422700 1.73578300
-1.86369800 -1.99921100 3.45753400
-0.93068800 -2.51642300 3.71520900
-2.68389100 -2.52824400 3.96237400
-1.81485500 -0.97802600 3.85445600
-4.03573400 1.24035400 -1.52133100
-3.19252900 0.84771600 -2.10185200
-3.73396600 2.72864500 -1.22932700
-3.60853200 3.27985300 -2.17024200
-2.81417100 2.82993400 -0.64182800
-4.55881400 3.18336500 -0.66315100
-5.31234100 1.11509600 -2.38199900
-5.15744100 1.60514300 -3.35202700
-6.16961300 1.60118200 -1.89727300
-5.58538500 0.06714200 -2.56388700
2.28606900 -1.34560700 -0.69375400
3.31609900 -0.53661400 -1.23931900
4.64624600 -0.91804800 -0.98830400
5.45857500 -0.32346700 -1.39940900
4.94865700 -2.03800000 -0.20603800
5.98683200 -2.31263300 -0.02700600
3.91653000 -2.78298800 0.37193100
4.15991600 -3.62952600 1.01095400
2.56835700 -2.45699900 0.14175200
3.00411900 0.73447100 -2.02817300
2.13231500 1.19471400 -1.53163200
4.15432000 1.75759000 -1.96480900

OITOOIOIOIOOOIIITIOIIIOIOIIIOIIIOIOOIOZIOZIOOO

150



J0 0P 0 ZZITIOIIIOIIIOOIIITIOIIIOIIIOOIIIOOIOOIIIOIIIOIIIOIOIIIOIT

3.80434900 2.72793400 -2.33795200
5.00070400 1.45003800 -2.59473800
4.52242000 1.88997000 -0.94029800
2.61587700 0.49839000 -3.50380800
2.50907500 1.46557300 -4.01105800
1.65518700 -0.01578400 -3.59566200
3.39280300 -0.08031400 -4.02339500
1.45469400 -3.28136200 0.79332800
0.56883500 -2.63494800 0.84919400
1.06383300 -4.53710700 -0.02514500
0.52035300 -4.28162800 -0.93990800
0.40966400 -5.18186400 0.57598300
1.95750700 -5.11705000 -0.29396300
1.82513000 -3.72503100 2.22579800
0.93413900 -4.12007900 2.73052500
2.22135700 -2.89593700 2.82083300
2.57480700 -4.52783000 2.21283600
-3.40151500 -2.15363100 -1.99533600
-3.95124700 -2.45291200 -1.09566100
-3.27872200 -3.01779500 -2.65486300
-4.01271900 -1.40213200 -2.51032700
-2.05501400 -1.56600800 -1.62727200
-0.93172500 -1.99744500 -2.36892200
-1.15800300 -2.62499200 -3.22643400
0.43834000 -1.86338100 -2.06879700
1.40368000 -2.67892200 -2.91558200
1.91057200 -3.44238700 -2.31593300
2.18897900 -2.04208800 -3.33390600
0.86607000 -3.17116800 -3.73137700
1.46070700 3.69069900 0.78103700
1.00696500 4.05259100 -0.64694400
1.55826800 3.48725000 -1.40770700
1.18418700 5.12558500 -0.81629500
-0.06100100 3.85095900 -0.78680600
2.96411100 3.99619800 0.92468000
3.56757100 3.39753500 0.23429200
3.32833000 3.82880300 1.94440800
3.13218200 5.05683300 0.68406000
0.64787900 4.54242100 1.77850600
0.94556000 4.36484100 2.81700000
-0.42405800 4.32713600 1.68602600
0.80980700 5.60795600 1.55328200
2.02514000 1.10927700 2.51500000
3.49898400 0.83120400 2.15082600
3.57075200 0.12633500 1.31626900
4.00505600 0.38248500 3.01946000
4.04349000 1.74264100 1.88295000
1.92133400 2.01959000 3.75410400
0.87310500 2.24677000 3.98588100
2.46631500 2.96182500 3.62811800
2.35961100 1.49732800 4.61866600
1.33520300 -0.22671800 2.83542100
1.30117000 -0.87206100 1.95025500
0.30671900 -0.07011700 3.17746100
1.90096800 -0.74169700 3.62595800
-1.95843100 -0.68148600 -0.61513100
0.91405100 -1.08634100 -1.05627400
-1.02153600 1.58697800 1.28097100
1.07305300 1.81644300 1.01259200
-0.60720200 1.66425900 -2.58709900
-0.31140100 0.52119200 -0.65254500
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Figure S156. Optimized structure of [(BDI*)Ti(Cl)(u#2-0)]a.
Below are presented xyz coordinates for optimized geometry of [(BDI*)Ti(Cl)(u2-O)]2:

Ti 0.03786200 -1.13036000 0.85773300
Cl -0.09655100 -0.78669600 3.06756200
-1.27494700 -0.08854600 0.05561800
1.60592600 -2.55724800 0.88484900
-1.20605200 -2.81811700 0.66290900
2.75602600 -4.49116000 1.95150200
3.38779000 -4.70083600 1.08133900
2.48583100 -5.43403000 2.43569400
3.36191200 -3.89697600 2.64486200
1.50748700 -3.72985400 1.54790500
0.27704500 -4.32952700 1.85162500
0.31809900 -5.25946500 2.40998900
-0.97501900 -3.97662600 1.32369100
-2.08115300 -5.00500500 1.48791500
-2.88853600 -4.61438000 2.11655000
-1.68202600 -5.91308400 1.94897100
-2.52822400 -5.25860800 0.51967300
-2.51890200 -2.75202400 0.04881800
-3.64410400 -2.43398200 0.84577500
-4.91706300 -2.54397000 0.25981900
-5.79749600 -2.29722200 0.85089800
-5.07227800 -2.99274300 -1.05516900
-6.06841900 -3.09833700 -1.48267300
-3.94414600 -3.27985800 -1.83052900
-4.07189700 -3.59520000 -2.86395100
-2.64847100 -3.13875000 -1.30574800
-3.50072600 -2.00227200 2.30161100
-2.49305400 -2.27327300 2.63866900
-3.63352500 -0.47196500 2.41543700
-2.93756000 0.03339100 1.74014200
-3.42852000 -0.14581900 3.44336000
-4.64980700 -0.16164500 2.14700600
-4.51751300 -2.68750500 3.24017500
-5.54231300 -2.34950000 3.03493000
-4.28784400 -2.42939400 4.28213500
-4.50245100 -3.78180100 3.14688000
-1.42075700 -3.44090400 -2.16058200
-0.58952700 -2.84675900 -1.75512000
-1.02713000 -4.93315100 -2.06084800
-0.74252300 -5.20984000 -1.03900000
-0.17495600 -5.14880800 -2.71844500
-1.86758400 -5.56945200 -2.37022500
-1.60799700 -3.03787300 -3.63582100
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-0.66601100
-1.90246600
-2.36612000
2.93534600
3.84787500
5.13045000
5.83762300
5.52307500
6.52685700
4.62814900
4.94423500
3.31825800
3.48716600
2.55843700
4.57533900
4.83897300
4.21923500
5.49541300
3.21462300
4.13052000
2.85359200
2.46288700
2.38118300
1.43085700
2.08437400
1.52783200
1.48884400
3.01315600
2.95473400
3.89835200
2.24517600
3.14988700
-0.14719100
-0.19696000
1.16297600
-1.63329100
1.20216400
-2.77918700
-3.17430700
-2.52141100
-3.58627300
-1.55373400
-0.35667700
-0.43588900
0.94198000
2.06152100
2.74247500
1.64659100
2.66050200
2.56796300
3.58756800
4.91106500
5.70575100
5.22397900
6.25753400
4.20429600
4.45662900
2.85950300
3.28757800
2.27105400
3.31746100
2.66697200
2.98660100
4.33440600
4.25767500
5.27204200
3.91912600
4.32478900

-3.17397600
-1.98751100
-3.65917800
-2.25362800
-1.56449300
-1.29610100
-0.73985800
-1.75798600
-1.55177700
-2.49962200
-2.88004000
-2.75177700
-1.18871800
-1.71175000
-1.62172900
-2.68252700
-1.45422500
-1.03646400
0.31661200
0.89191900
0.53147000
0.64696400
-3.60907500
-3.70048700
-2.96774700
-2.03128800
-3.65466200
-2.75075400
-5.03223400
-5.00582700
-5.65573100
-5.52042700
1.10286800
0.56784100
0.09342900
2.60541100
2.74927500
4.63665300
4.94154600
5.53024000
4.10188100
3.75860900
4.25161400
5.15448500
3.85685300
4.79837300
4.30996100
5.69257900
5.09588000
2.66734200
2.20410200
2.20776800
1.83410300
2.70796500
2.72253100
3.19024700
3.57335800
3.16287600
1.73304000
2.05275200
0.19857700
-0.24138600
-0.13899200
-0.17052000
2.32444600
1.92279100
2.05601200
3.41890400

-4.17948900
-3.72429800
-4.13163900
0.39609400
1.22928300
0.72422700
1.33742700
-0.53625100
-0.90523000
-1.31333700
-2.28425100
-0.87163200
2.66117500
2.91844900
3.66921000
3.56426700
4.69425200
3.53753400
2.80430200
2.62456500
3.81839200
2.08204100
-1.71887800
-1.17967600
-3.08927800
-2.97877100
-3.70439400
-3.63290400
-1.90888000
-2.47051000
-2.46887700
-0.94615700
-0.79356800
-2.97041400
0.04265800
-0.69695900
-0.85068900
-1.57637900
-0.59955200
-2.15190400
-2.08699000
-1.39872200
-1.93780700
-2.53515300
-1.58021000
-1.98856900
-2.69338900
-2.46263400
-1.12032800
-0.36823600
-1.23278500
-0.75983200
-1.40330800
0.50584100
0.84913000
1.33364200
2.31974800
0.92701900
-2.65172500
-2.90948500
-2.72768700
-1.96696200
-3.71771800
-2.55200600
-3.69870300
-3.57288800
-4.70801100
-3.63806600
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1.75240600 3.68073600 1.84529600
0.89206600 3.00806500 1.71554300
1.29942000 5.11071600 1.46277000
0.82376500 5.14746700 0.47809200
0.57235400 5.48092400 2.19714000
2.15972800 5.79397100 1.46269600
2.13965300 3.67485600 3.33632600
1.26153600 3.92785400 3.94312400
2.51008600 2.69797900 3.66104900
2.91010200 4.42855600 3.55081200
-2.92855500 2.38239500 -0.08111500
-3.97556800 1.82524400 -0.85449400
-5.24005600 1.69096200 -0.25640400
-6.05424900 1.25106300 -0.83046200
-5.47640400 2.13365700 1.04888100
-6.46662100 2.03106400 1.49057900
-4.43621000 2.70895900 1.78372600
-4.62255900 3.05673400 2.79909900
-3.14854800 2.84339500 1.23649600
-3.77180100 1.41837500 -2.30924300
-2.81125900 1.82568800 -2.64747200
-4.87838600 1.96308100 -3.23987100
-5.01221300 3.04842400 -3.13980600
-4.62178600 1.74444400 -4.28471300
-5.84587500 1.48759100 -3.02984400
-3.69823900 -0.11161100 -2.42741500
-4.64324300 -0.56208700 -2.10349500
-3.51406800 -0.40562700 -3.46887000
-2.90048500 -0.51631800 -1.79856800
-2.04601500 3.50866500 2.05091600
-1.17322100 3.62188200 1.39691800
-1.63723800 2.62164800 3.24421300
-1.27294200 1.64722200 2.90471500
-0.84291400 3.10350400 3.82864400
-2.49257500 2.44772500 3.91104500
-2.46037400 4.91736600 2.52853600
-3.32260700 4.87061200 3.20684600
-1.63353300 5.39125300 3.07364500
-2.72931300 5.56462700 1.68380500
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Figure S157. Optimized structure of (Ph)2C=0.
Below are presented xyz coordinates for optimized geometry of (Ph).C=0:

0.00000000 1.10715600 0.00000000
0.00000000 2.34656600 0.00000000
1.29659500 0.35624100 0.02798300
1.42569400 -0.90362700 0.64710900
243651300 0.97562300 -0.52315300
2.67477700 -1.53495800 0.70574300
0.55813600 -1.37236900 1.10694900
3.67683500 0.33319000 -0.48434200
2.32368900 1.95831000 -0.97583300
3.79837700 -0.92366800 0.13122500
2.77117400 -2.49983300 1.20018000
4.54983900 0.80976800 -0.92648200
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4.76632600 -1.42041200 0.16829700
-1.29659500 0.35624100 -0.02798300
-1.42569400 -0.90362700 -0.64710900
-2.43651300 0.97562300 0.52315300
-2.67477600 -1.53495800 -0.70574400
-0.55813600 -1.37236900 -1.10694900
-3.67683500 0.33319000 0.48434200
-2.32368900 1.95831000 0.97583400
-3.79837700 -0.92366800 -0.13122600
-2.77117400 -2.49983300 -1.20018100
-4.54984000 0.80976700 0.92648200
-4.76632600 -1.42041200 -0.16829800
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Figure S158. Optimized structure of 9-fluorenone.
Below are presented xyz coordinates for optimized geometry of 9-fluorenone.

-3.03859900 -1.40130600 0.00014300
-3.47892000 -0.06759300 0.00014400
-2.54877700 0.98809300 0.00009200
-1.19208700 0.67063400 0.00004000
-0.74200500 -0.67233700 0.00003900
-1.66579600 -1.71893900 0.00009100
-3.77170900 -2.20607400 0.00018400
-4.54568100 0.14700900 0.00018500
-2.86859300 2.02832000 0.00009200
-1.34426100 -2.75895100 0.00009100
0.00000000 1.58195900 -0.00002000
1.19208700 0.67063400 -0.00005800
2.54877700 0.98809300 -0.00011800
3.47892000 -0.06759300 -0.00014200
3.03859900 -1.40130600 -0.00010700
1.66579600 -1.71893900 -0.00004600
0.74200500 -0.67233700 -0.00002200
2.86859300 2.02832000 -0.00014500
4.54568100 0.14700900 -0.00018900
3.77170900 -2.20607400 -0.00012600
1.34426100 -2.75895100 -0.00001900
0.00000000 2.81312500 -0.00003700
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Figure S159. Optimized structure of (4-CN-Ph)PhC=0.
Below are presented xyz coordinates for optimized geometry of (4-CN-Ph)PhC=0:

-0.81686400 1.21435200 -0.02051500
-0.97366300 2.44190700 -0.06268800
0.57612500 0.64968500 -0.01366500
0.89476000 -0.57738100 -0.62908200
1.60336600 1.42514800 0.56031900
2.21554200 -1.03012700 -0.66342100
0.11336100 -1.16484000 -1.10552300
2.92128500 0.97280500 0.55402700
1.34461400 2.38238300 1.00655500
3.23378600 -0.26159500 -0.06026400
2.46758800 -1.96844400 -1.15069100
3.71346300 1.56001800 1.01121000
-1.99388300 0.29385200 0.01786800
-3.21061900 0.74673200 -0.53228300
-1.94279900 -0.96991700 0.64162200
-4.34809200 -0.06295300 -0.48675900
-3.23720500 1.73294700 -0.99030500
-3.09081300 -1.76927900 0.70605500
-1.01850200 -1.31176200 1.10289900
-4.29013800 -1.32235000 0.13312100
-5.28042100 0.28473200 -0.92743500
-3.05020500 -2.73625300 1.20362100
4.58827200 -0.73198100 -0.07602400
5.69654500 -1.11806700 -0.08706000
-5.17877700 -1.94950300 0.17460000
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Figure S160. Optimized structure of (4-CN-Ph)2C=0.

Below are presented xyz coordinates for optimized geometry of (4-CN-Ph)2.C=0.

0.00000000 1.48264500 0.00000000
0.00000000 2.71966300 0.00000000
1.29820600 0.73235900 0.00206700
242431300 1.35577400 -0.57279500
1.44070600 -0.52549000 0.62223600
3.66588500 0.72392500 -0.56123000
2.30219500 2.33724500 -1.02451400
2.68526800 -1.15761500 0.66087400
0.58604100 -0.99707600 1.10182700
3.80152000 -0.53992100 0.05775400
4.53310800 1.19320100 -1.01824900
2.80324300 -2.11999100 1.15183700
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-1.29820600 0.73235900 -0.00206700
-1.44070500 -0.52549000 -0.62223600
-2.42431300 1.35577400 0.57279500
-2.68526800 -1.15761500 -0.66087400
-0.58604100 -0.99707600 -1.10182600
-3.66588500 0.72392500 0.56123000
-2.30219500 2.33724500 1.02451400
-3.80152000 -0.53992100 -0.05775400
-2.80324300 -2.11999100 -1.15183600
-4.53310800 1.19320100 1.01824800
5.07742700 -1.19402900 0.07857800
6.12123300 -1.72999800 0.09387400
-5.07742700 -1.19402900 -0.07857800
-6.12123200 -1.72999900 -0.09387400
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Figure S161. Optimized structure of (4-MeQO-Ph)2C=0.
Below are presented xyz coordinates for optimized geometry of (4-MeO-Ph).C=0:

-0.00000100 1.65786000 0.00000300
1.29189700 0.91119900 -0.04836600
241276100 1.54330300 -0.63438100
2.28055700 2.53457400 -1.06219900
3.65247600 0.91680100 -0.66622800
451601600 1.38756600 -1.13020400
3.81041700 -0.35681100 -0.07944200
2.71601100 -0.99103000 0.53596900
2.82471500 -1.95957500 1.01585000
1.46699500 -0.35582600 0.53791600
0.63041500 -0.84195700 1.03558100
5.28486400 -2.18118100 0.43270800
5.08534900 -2.15824700 1.51301600
6.33814900 -2.40712700 0.25413500
4.65243600 -2.94015900 -0.04851900

-1.29189700 0.91119700 0.04837400

-1.46699000 -0.35583500 -0.53789600

-0.63040400 -0.84197300 -1.03554500

-2.71600600 -0.99103800 -0.53595400

-2.82470500 -1.95958800 -1.01582600

-3.81041800 -0.35681200 0.07943900

-3.65248000 0.91680400 0.66621700

-4.51602300 1.38757300 1.13018200

-2.41276500 1.54330600 0.63437500

-2.28056600 2.53458100 1.06218600

-5.28486300 -2.18118300 -0.43271700

-5.08533200 -2.15825200 -1.51302100

-6.33815200 -2.40712300 -0.25415700

-4.65244600 -2.94016200 0.04852200
5.07053800 -0.88896700 -0.15506400

-5.07053900 -0.88896600 0.15505500

-0.00000100 2.90110100 -0.00000300
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Figure S162. Optimized structure of Bu(Ph)C=0.
Below are presented xyz coordinates for optimized geometry of tBu(Ph)C=0:

-0.72455300 0.73163300 -0.09963600
-0.93529800 1.94051000 -0.24709900
0.70972800 0.26100000 -0.05103600
1.13324500 -1.08215700 -0.13086700
1.69330000 1.26746100 0.07078500
2.49552400 -1.40611500 -0.09306200
0.41305700 -1.88649100 -0.23637100
3.05116800 0.94459600 0.12073500
1.35850900 2.30064400 0.12453600
3.45828300 -0.39632600 0.03724300
3.79267000 1.73493300 0.22298300
2.80241300 -2.44794900 -0.16510500
-1.92934300 -0.23163300 0.04692900
4.51599400 -0.65137200 0.07243400
-2.05554900 -1.12499900 -1.21717100
-1.20335700 -1.79695000 -1.36041900
-2.96049000 -1.74114400 -1.12862500
-2.15334100 -0.50411500 -2.11657500
-1.80304000 -1.09345300 1.32934600
-2.71237200 -1.69844800 1.44496800
-0.94473200 -1.77192000 1.31155300
-1.70857400 -0.45287900 2.21568400
-3.21389300 0.61676400 0.15818900
-4.07945300 -0.05166300 0.25927200
-3.17570000 1.27765500 1.03183700
-3.35146900 1.24499200 -0.72810400
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Figure S163. Optimized structure of Me2C=0.
Below are presented xyz coordinates for optimized geometry of Me2C=0:

0.00000000 0.18160500 0.00000000
0.00000000 1.40979000 -0.00000100
1.29645500 -0.61714500 -0.00000100
1.33828900 -1.27081900 0.88261400
1.33828800 -1.27081800 -0.88261800
2.15400000 0.06052800 -0.00000100
-1.29645500 -0.61714500 0.00000200
-1.33828900 -1.27082000 -0.88261300
-1.33828800 -1.27081700 0.88261900
-2.15400000 0.06052800 0.00000100
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Figure S164. Optimized structure of (CH2)sC=O0.
Below are presented xyz coordinates for optimized geometry of (CH2)sC=0:

1.32607100 1.91126900 0.00000000
0.42288000 1.07707200 0.00000000
-0.16922300 0.51375000 1.28679400
-0.16922300 0.51375000 -1.28679400
-0.16922300 -1.03570200 1.26819200
-1.21197700 0.86514300 1.35846300
0.38791500 0.91623300 2.13963000
-0.16922300 -1.03570200 -1.26819200
-1.21197700 0.86514300 -1.35846300
0.38791500 0.91623300 -2.13963000
-0.85049300 -1.57945800 0.00000000
-0.66970600 -1.41222000 2.17046300
0.87076200 -1.39371400 1.30568800
-0.66970600 -1.41222000 -2.17046300
0.87076200 -1.39371400 -1.30568800
-0.82300500 -2.67785200 0.00000000
-1.91252100 -1.28544000 0.00000000
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Figure S165. Optimized structure of Me(Ph)C=0.
Below are presented xyz coordinates for optimized geometry of Me(Ph)C=0.

-1.70055800 -0.20033000 0.00000200
-2.22492300 -1.31807000 0.00000000
-0.20772800 -0.05735100 0.00000100
0.43019900 1.19954800 0.00000000
0.57785900 -1.22826700 0.00000000
1.82823400 1.28339500 -0.00000100
-0.15923700 2.11396900 0.00000100
1.97220000 -1.14382200 -0.00000100
0.06678000 -2.18849200 0.00000000
2.60043300 0.11281000 -0.00000100
2.57214900 -2.05201400 -0.00000100
2.31353100 2.25759800 -0.00000100
-2.56101600 1.05584100 0.00000000
-2.35289900 1.67181800 0.88552200
-2.35289800 1.67181700 -0.88552100
-3.61281900 0.76025400 0.00000000
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H 3.68704300 0.17866000 -0.00000200

Figure S166. Optimized structure of cyclo-PrMeC=0.
Below are presented xyz coordinates for optimized geometry of cyclo-PrMeC=0:

0.78662900 1.38691400 0.00000300
0.79486600 0.15303400 -0.00000100
2.09270400 -0.63822100 -0.00000200
2.13496400 -1.29111900 -0.88343500
2.94764500 0.04274500 0.00000200
2.13496200 -1.29112400 0.88342800
-0.47381600 -0.63565700 -0.00000200
-1.66981200 -0.03792200 0.74636500
-1.66981400 -0.03791900 -0.74636300
-0.37692500 -1.71996400 -0.00000400
-1.47534700 0.90885700 1.24546500
-2.31387400 -0.73673400 1.27504900
-2.31387700 -0.73672800 -1.27505000
-1.47534900 0.90886300 -1.24546000
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E.3.2. Reaction of 1 with benzophenone leading to 3a
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Figure S167. Optimized structure of 3arsi.
Below are presented xyz coordinates for optimized geometry of 3arsa:

2.96003400 0.66014800 -1.05213900
3.58137600 1.84825500 -0.59348900
4.93676800 1.77980200 -0.21604800
5.43674400 2.69042800 0.11138400
5.65597700 0.58285900 -0.26297600
6.70338400 0.55923600 0.03444200
5.01157100 -0.58764200 -0.67136400
5.55820500 -1.52962200 -0.68051800
3.66572200 -0.57195300 -1.07110400
2.88068900 3.20080800 -0.52945200
1.82163800 3.05305700 -0.77865800

TOOITIOIOITOOO
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2.97570000
2.41360500
2.56166700
4.01886700
3.48410900
3.12204600
4.58061800
3.21575900
3.00110300
1.91903000
3.36105200
2.45063200
3.87470000
4.00270000
3.37280900
2.92928300
4.46397300
3.01517400
-2.15198900
-1.91098500
-3.01534300
-2.85712300
-4.31442400
-5.15004900
-4.53688500
-5.55378800
-3.47425100
-0.49711500
0.17998900
-0.28119400
0.67748900
-1.05711100
-0.24007000
-0.11183500
0.72936700
-0.95463800
0.19436900
-3.79756100
-2.85982800
-4.45013000
-4.79174600
-5.31700300
-3.71988600
-4.72065200
-4.44172200
-4.66484900
-5.77010900
2.68162600
2.62608300
2.57896100
3.66590000
1.54496900
0.43918700
0.50815600
-0.71264200
-1.58437200
-0.96334100
-2.20969200
-2.24400300
0.76504500
-1.84116100
-1.91729500
-2.86375500
-1.09181600
-1.82663200
-0.55064000
-0.11708900
-0.78657700

3.78253700
4.72052400
3.08341100
4.00028800
4.21435000
5.22533900
4.22401900
3.98140600
-1.85990700
-1.70292700
-3.08201400
-3.52733800
-3.86444600
-2.80481200
-2.15460500
-1.42453200
-2.13348800
-3.15105000
-1.49345200
-2.86353700
-3.67361600
-4.72571200
-3.15385800
-3.79586200
-1.82099500
-1.42947200
-0.97731200
-3.44436200
-2.67928200
-4.75867100
-4.71408700
-4.94656900
-5.63066300
-3.69171100
-4.39465700
-4.12545400
-2.76705000
0.39166600
0.86125200
1.35454300
2.26245500
0.88940600
1.65182900
0.23047700
0.95444600
-0.77636900
0.41899500
1.29278100
0.96393300
2.38614700
1.04503500
0.70181000
0.24737000
0.37446300
-0.44712700
-0.98950300
-1.30768400
-1.82485800
-0.18632100
-1.40924000
4.00767700
4.41860300
4.13606600
3.97232200
5.51436500
4.63849100
4.04956200
5.63971100

0.89841800
0.95934800
1.63450700
1.16656100
-1.53173900
-1.30402900
-1.46471000
-2.56781000
-1.53929300
-1.48208400
-0.64017500
-0.22417500
-1.21484200
0.20259100
-3.01456200
-3.70102500
-3.14363400
-3.30331900
-1.66225300
-1.37435400
-1.05244700
-0.82569100
-1.00647900
-0.73162800
-1.35722500
-1.37847000
-1.72628800
-1.47197300
-1.07378700
-0.66849100
-0.13793500
0.08017800
-1.33441400
-2.95705500
-3.01438900
-3.51127800
-3.45636400
-2.32476900
-2.63692200
-1.31817300
-1.83242500
-0.82799900
-0.55718000
-3.57142000
-4.34829400
-4.00250900
-3.30648700
-3.76560300
-4.80783900
-3.74601700
-3.35884000
-2.95273000
-3.67904000
-4.75680300
-3.23983800
-4.36201800
-5.20608700
-4.03971300
-4.71605200
1.65092100
1.35718300
2.84210800
3.31568500
3.41060200
2.90924500
0.78179700
-0.03005600
0.39238900
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0.19839900
-3.03791500
-3.07110600
-2.05783400
-3.64078200
-3.52966800
-4.46435900
-4.51309300
-4.89222600
-5.10254100
-0.80492400

1.61816800
-1.04274300

0.52460000
0.18709600
-1.75207900
-0.16587900
-2.58165000
-2.91965800
-3.00518800
-1.48890300
-3.06138200
-2.99738100
-4.01442000
-3.06831100
-0.24227200
-0.19372600
-1.25306800
-1.13687500

0.56148100
-2.16643200
-1.32401200
-2.11107100
-1.11263000
-2.93268500
-2.83151200
2.16633900
2.63661400
3.02217500
3.93880400

1.98805800
4.30550900

2.66385200
4.77149000
4.29783400
4.93772200
5.77694400

4.74669700
1.28860400
-0.17129900
-0.57168300
-0.79458300
-0.25895800
1.86271400
2.92841000
1.71257600
1.32919100
2.56811200
0.64914900
-0.61173800
-1.10658600
1.38692100
2.09224300
0.79048200
1.33684000
2.25027800
0.47654200
1.28002400
4.53712200
4.23007900
4.18367900
5.63735800
-2.03368200
-1.81895600
-2.84993800
-2.42364700
-1.15417000
-3.49281400
-2.95414800
-3.28109800
-2.23026000
-4.13493200
-3.76686100
-1.39075400
-2.48419400
-0.29693400
-2.48386100
-3.34089300
-0.27750300
0.55212400
-1.37211100
-3.34128700
0.59240300
-1.35915400

1.57330200
2.37721300
1.89449500
1.83199100
2.59872800
0.90270900
2.26272800
2.51090500
1.26697200
2.98455700
-1.96266400
-1.59294900
-1.94537400
0.44249600
1.69984700
1.17156500
-0.55557000
3.85766000
4.35845400
4.39744000
3.94193400
0.56938300
-0.48170200
0.97501600
0.60766500
2.54426000
3.94018700
2.00824600
4.77442200
4.35229600
2.84882800
0.93288100
4.23397400
5.84518100
2.41883200
4.88999000
2.16790500
2.93273000
1.94046900
3.44288600
3.10174700
2.49316100
1.36882800
3.23622000
4.00911800
2.33301900
3.65395100
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Figure S168. Optimized structure of 3ar.
Below are presented xyz coordinates for optimized geometry of 3au:

-2.84869200 -1.42574400 0.23664800
-3.59325500 -1.27322400 1.43048900
-4.93225900 -0.85892800 1.31596900
-5.52817200 -0.73558300 2.21937800
-5.50797600 -0.60100300 0.07015600
-6.54233900 -0.26759000 0.00590000
-4.75415100 -0.76508100 -1.09750300
-5.21359000 -0.56744600 -2.06391700
-3.41843200 -1.18868000 -1.04108400
-3.02034700 -1.59973600 2.80660000
-2.02960600 -2.04887400 2.66514300
-2.82747200 -0.32760500 3.65799500
-2.43746100 -0.59221700 4.64969900
-2.11110200 0.35226700 3.18311500
-3.78201700 0.20096900 3.79322600
-3.91082700 -2.60612500 3.57137800
-3.40243000 -2.93025200 4.48898000
-4.86568500 -2.14836200 3.86373900
-4.13965200 -3.49378100 2.96874300
-2.64001300 -1.51310600 -2.31350700
-1.57505000 -1.50414800 -2.05305000
-2.85796100 -0.49803600 -3.44828600
-2.25062300 -0.78087000 -4.31795500
-3.90565500 -0.46863600 -3.77705800
-2.56757900 0.50662500 -3.13273700
-3.00401900 -2.93464100 -2.80599300
-2.77432800 -3.69639200 -2.05289200
-4.07616300 -2.99703600 -3.03823900
-2.43912700 -3.17753300 -3.71592700
245417600 -1.45489200 -1.39815400
2.35255600 -0.84698400 -2.67653900
3.53563300 -0.40062300 -3.29103200
3.48273600 0.07936900 -4.26509200
4.78438100 -0.57414100 -2.68406300
5.68590500 -0.21273200 -3.17601300
4.86794400 -1.23052100 -1.45440400
5.84231900 -1.39279100 -0.99553800
3.71622700 -1.69438700 -0.79366800
1.01474000 -0.76795300 -3.41147200
0.26071400 -0.41719400 -2.69283900
1.03023500 0.19199200 -4.61825900
0.00446600 0.34654000 -4.97470700
1.45545800 1.17214700 -4.37322500
1.61132400 -0.22827200 -5.45129800
0.58269600 -2.16709200 -3.91663700
-0.31227300 -2.07708100 -4.54574700
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1.38048500
0.34148400
3.87977700
2.90251300
4.33858000
4.41110300
5.32213400
3.60940800
4.87441200
4.85411800
4.64260000
5.90157700
-2.46457900
-2.28105300
-2.53955800
-3.42496300
-1.32356500
-0.11493500
-0.09410700
1.01621700
1.95313400
1.36024700
2.67566900
2.50069800
-0.85825000
1.89816100
2.12278200
3.08503700
1.31867500
2.10475200
0.61565200
0.30277300
0.84287200
-0.21497300
3.03301300
3.13706200
2.15758000
3.71652100
3.64272200
4.43700900
4.50025600
477374700
5.14078100
0.62413300
-1.49197900
1.25060700
-0.50337200
-0.38282500
1.75463200
0.05165300
2.61761500
2.61223000
3.34030300
1.62887000
3.05879600
2.83403400
4.01517900
3.17306000
-0.22025000
-0.42997000
0.45135300
0.05374400
-0.97595600
0.94514400
0.57771600
0.75106000
-0.11046000
1.47457600

-2.61875100
-2.84453100
-2.46122500
-2.85665100
-1.52599800
-2.07320700
-1.08995800
-0.71953600
-3.63693600
-4.25222600
-4.27748900
-3.26957500
-4.19735900
-5.20413000
-4.25678900
-3.83088000
-3.26924900
-3.84765600
-4.93465100
-3.22208000
-4.19969900
-4.90418900
-3.70447500
-4.78195400
1.86601900
1.32993200
2.80099900
3.20115400
3.44083200
2.85494500
0.87147000
-0.13354800
0.86952300
1.56681500
2.36998800
1.86502700
1.75503200
2.58377000
0.89637800
2.21590200
2.60803600
1.17433600
2.79228400
-1.90350400
-1.92738700
-1.89521400
0.57237600
1.70853100
1.16607000
-0.63380100
3.85122000
4.26515100
4.42735000
3.99656300
0.43998000
-0.61593200
0.68494300
0.58549900
3.00720700
4.33229700
2.78168500
5.40622900
4.51063300
3.85750200
1.75788800
5.17283400
6.42528500
3.66440300

-4.52169100
-3.09265000
0.51642700
0.81628600
1.64627500
2.59477800
1.42056300
1.76964500
0.37501300
1.28424200
-0.48405100
0.24691300
0.58870600
0.20135200
1.68274000
0.21257500
0.23009000
-0.16121800
-0.17618900
-0.73584600
-1.43387400
-2.02829800
-2.08487400
-0.68194500
-0.24626100
3.64202300
4.05246700
3.72087100
3.66818600
5.15164900
4.37553500
4.08667000
5.45294500
4.21078900
0.90069500
-0.55272500
-1.02058700
-1.15064200
-0.58781500
1.52913700
2.54924600
1.52880600
0.90925800
2.43794800
0.26603300
-0.72600300
-0.79089400
1.61426300
1.69878000
0.53304400
0.92673200
1.93907500
0.32828600
0.48904500
4.13491600
3.95211500
3.66193400
5.21992800
-1.02137400
-0.59121300
-2.22755300
-1.34377900
0.33477700
-2.98170500
-2.56209700
-2.54223700
-0.99720900
-3.91403900
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1.13099700 6.00916600 -3.12648000
-2.38696300 2.10120100 -0.35863500
-2.91403400 2.47852200 -1.61080100
-3.25481400 2.06833400 0.74290900
-4.26283600 2.81510000 -1.75604900
-2.24929200 2.54984200 -2.46877200
-4.60396500 2.42764100 0.60585200
-2.87870400 1.78257500 1.72170900
-5.11387100 2.80577700 -0.64061900
-4.64237000 3.10629300 -2.73444200
-5.25230000 2.40396900 1.47999600
-6.16017600 3.08914000 -0.74418100
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Figure S169. Optimized structure of 3arsa.

Below are presented xyz coordinates for optimized geometry of 3arsz:

-2.93998400 0.88846000 -0.85747600
-3.47940000 0.03888300 -1.85527000
-4.84011400 -0.29959500 -1.75812400
-5.28924800 -0.92676300 -2.52459000
-5.62668500 0.14249200 -0.68831400
-6.67946900 -0.13140500 -0.63648200
-5.04703500 0.89792200 0.33285900
-5.64734000 1.19550400 1.19164100
-3.69983300 1.29109600 0.26610400
-2.61970400 -0.48105700 -3.00388700
-1.61549200 -0.65991000 -2.58614700
-3.12950400 -1.82349700 -3.56003700
-2.42542800 -2.20012200 -4.30996200
-3.22577800 -2.58038900 -2.77148700
-4.10280900 -1.71051000 -4.05685400
-2.46906300 0.53700900 -4.15499600
-1.88936900 0.08726600 -4.97141700
-3.45489600 0.82421200 -4.54786800
-1.93043700 1.43264700 -3.83279200
-3.09861800 2.11685600 1.39875700
-2.06983200 2.37420600 1.12044100
-3.04240700 1.27093600 2.68801800
-2.64452300 1.86937300 3.51821400
-4.04322200 0.92024400 2.97218700
-2.40572200 0.39286600 2.54625000
-3.87098800 3.43000800 1.65126100
-3.90189000 4.06497600 0.75739700
-4.90582500 3.23024700 1.95991300
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-3.38708700 4.00160500 2.45407500
2.04661000 2.23630900 0.86503100
1.82988000 2.11456300 2.26567000
2.95375300 1.93169300 3.08698900
2.81926400 1.82234400 4.16022600
4.24883900 1.89821600 2.55385000
5.10320200 1.74444000 3.21103300
4.44229500 2.08180700 1.18440800
5.45239500 2.07925000 0.77738300
3.35311600 2.25900300 0.31115400
0.42808700 2.25168300 2.86019600

-0.24093700 1.61334800 2.26491900
0.33574800 1.82003000 4.33623400

-0.71185700 1.84923600 4.65756700
0.70401200 0.80294100 4.50375000
0.89828300 2.50493800 4.98626500

-0.07716200 3.71188100 2.75404500
-1.04914700 3.80478500 3.25570000
0.62713600 4.39701800 3.24491500
-0.20919300 4.03020500 1.71633100
3.62090000 2.50129500 -1.17314400
2.67129200 2.73613300 -1.66592000
416796700 1.24125600 -1.86959400
4.36329900 1.44997900 -2.92911600
5.10320900 0.90553500 -1.40037100
3.43206500 0.43112500 -1.82239700
4.59349500 3.68520000 -1.38064000
4.65958600 3.92895900 -2.44906200
4.26947400 4.58167700 -0.83790900
5.60466100 3.43336800 -1.03377600

-2.94904100 3.33092000 -2.07538200
-3.48384100 2.59327600 -2.67958300
-3.63145500 3.64521800 -1.27614200
-2.71294800 4.20670700 -2.68862300

-1.66912000 2.75805900 -1.48981300

-0.59814100 3.65988200 -1.34785000
-0.75279300 4.64815700 -1.77347300
0.55492600 3.51154300 -0.55975300
1.37401500 4.76213500 -0.30491900
0.71166400 5.62410800 -0.17027700
2.01262300 4.65609100 0.57627700
2.01610900 4.96483200 -1.17207000

-0.53251900 -2.14371000 1.00014000
1.66552900 -2.49740700 -3.11033200
1.97647300 -4.01083400 -3.13132300
2.97301800 -4.24374700 -2.74292000
1.23632400 -4.57591600 -2.55053600
1.93681800 -4.36233500 -4.17385800
0.29823500 -2.29266100 -3.79436900
0.02601900 -1.23307500 -3.81909800
0.37725100 -2.65213900 -4.83208700
-0.49271800 -2.85693700 -3.29097900
3.21514600 -2.36876300 -0.40392200
3.43630700 -1.32929400 0.71049800
2.55479100 -1.20366100 1.33933000
4.26656300 -1.65242200 1.35669600
3.69444700 -0.35373500 0.28949500
447977100 -2.35605300 -1.28957300
4.47303000 -3.13940900 -2.05423200
4.64823000 -1.38929500 -1.77161600
5.33966000 -2.55008700 -0.62943500
0.83323900 1.11413200 -2.95221400
-1.63144300 1.47906500 -1.04419200
0.90408400 2.32865500 -0.01368800
-0.21787900 -0.33089700 0.69440700

-0.23323900 -2.89689300 -0.64392700
1.56669700 -1.82863300 -1.30073600
0.19345000 0.56371600 -0.73027200
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3.06265400 -3.78068000 0.19154900
2.92527800 -4.53847000 -0.58756900
3.97652900 -4.02617100 0.75525900
2.21429500 -3.84087100 0.87530100
2.71058700 -1.71759700 -3.94212400
2.51031800 -0.64191700 -3.91141700
3.73763200 -1.90077200 -3.62009100
2.62800000 -2.05024500 -4.98820400
0.39950500 -2.40880000 2.15950900
0.57619800 -3.75530900 2.54628000
0.99333600 -1.40603500 2.93977800
1.34574700 -4.08412800 3.66779900
0.10221100 -4.53725000 1.95507500
1.78081900 -1.73570900 4.05256400
0.85253100 -0.37319800 2.64230200
1.96053100 -3.07383200 4.42407200
147112800 -5.12974900 3.94440400
2.26046800 -0.94113800 4.62256400
2.57125300 -3.32823900 5.28866900
-1.97327400 -2.21702500 1.43529700
-2.31874900 -2.24900300 2.80680800
-3.01542100 -2.29307100 0.48745900
-3.65273400 -2.37502200 3.20983300
-1.53938000 -2.18671100 3.56126200
-4.34334600 -2.45216100 0.88989700
-2.76436800 -2.24014600 -0.56835500
-4.67102600 -2.48965400 2.25328800
-3.89281800 -2.39410500 4.27183300
-5.12375000 -2.52934800 0.13722000
-5.70839100 -2.60205600 2.56523400
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Figure S170. Optimized structure of 3a.
Below are presented xyz coordinates for optimized geometry of 3a:

-0.66538800 3.44050400 -1.20975300
-0.63070100 2.04241500 -1.23825000
-1.26497400 1.28762200 -0.22994200
-1.94599200 1.97227000 0.80048300
-1.95842500 3.37087400 0.84213900
-1.31881800 4.11011500 -0.16439000
-0.17910700 4.00721000 -2.00177800
-2.47205200 3.88236200 1.65441700
-1.24260500 -0.19701200 -0.23992100
0.14604900 -1.21381400 -0.38854600
1.86778500 0.19610200 -0.15547900
2.24261100 -0.09056000 1.71724200
1.22492700 0.83201200 2.42891400
2.06774700 -1.52202500 2.26102400
3.67010300 0.40901000 2.01717000
1.31400300 1.87095800 2.08821100
0.19505700 0.50121300 2.24395700

TTOOOOTTOIITOOOOOO
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1.40143500 0.80172200 3.51505900
2.75955800 -2.23277200 1.79878200
2.25742900 -1.52043100 3.34594200
1.04533400 -1.88841100 2.10019500
3.81053000 0.47214400 3.10720800
4.42964600 -0.27822900 1.62508900
3.84807500 1.40628200 1.59338900
3.13972700 -0.74955300 -1.24330000
4.40873400 0.12732700 -1.35383000
3.52105800 -2.17055400 -0.79102800
2.49067500 -0.81579200 -2.64674900
4.15832400 1.14283300 -1.68661800
4.94512300 0.20249400 -0.40189800
5.09518900 -0.31693400 -2.09093900
2.63531000 -2.80388700 -0.65466100
4.16066700 -2.64075700 -1.55445900
4.08711400 -2.15515900 0.14808000
3.22449800 -1.20133800 -3.37055100
1.61810400 -1.48282700 -2.66096400
2.16885500 0.17886300 -2.98510200
-0.12632200 1.52061700 -2.04767700
-2.44924600 1.39728900 1.57602700
-1.33674400 5.19821900 -0.13882700
-2.56288500 -0.86585700 -0.13153900
-2.71143200 -2.11498800 0.51635100
-3.71237700 -0.26795100 -0.70283200
-3.95418500 -2.75385700 0.56647200
-1.84378500 -2.56316000 0.99713600
-4.95350600 -0.90968900 -0.65210500
-3.61650800 0.69356600 -1.20269200
-5.08064300 -2.15573300 -0.01879700
-4.04789000 -3.71027500 1.07793200
-5.82241000 -0.43801200 -1.10787900
-6.04961300 -2.64937700 0.02883100
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E.3.3. Reaction of 1 with 9-fluorenone leading to 3b

Figure S171. Optimized structure of 3brsi.
Below are presented xyz coordinates for optimized geometry of 3brsi:

2.81007344 -1.18331452 1.04310428
3.49013281 -2.00797421 0.11009133
4.86200552 -1.76823823 -0.09942062
5.40744042 -2.40047690 -0.79774152

TOOO
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5.53961954
6.60262508
4.84157791
5.36456512
3.47229402
2.80623088
1.72056990
3.16133809
2.61639273
2.88235103
4.23374205
3.16131561
2.63858759
4.24246762
2.86906488
2.73699087
1.66335902
3.01372709
2.39373377
4.06318091
2.78819956
3.10687000
2.84736291
4.18531826
2.57065073
-2.36556278
-2.13455405
-3.21205503
-3.05579122
-4.48107361
-5.29426863
-4.70535172
-5.70497984
-3.66983991
-0.77874925
-0.01336863
-0.58462892
0.45291720
-0.78327923
-1.23146827
-0.54530220
0.37398688
-1.37927062
-0.42863680
-4.01231992
-3.10957186
-4.46578211
-4.76071379
-5.32362259
-3.63890405
-5.11242529
-5.23152863
-4.87812539
-6.08006245
2.28120405
3.29219935
2.20014668
2.11933658
1.21053756
0.00016402
-0.06106143
-1.10538927
-2.12516439
-1.61825332
-2.76026285
-2.76678914
0.91261246
-1.65793435

-0.74662387
-0.58755727
0.07950066
0.89093575
-0.11484398
-3.15359764
-3.01145777
-3.15878978
-3.96596530
-2.20898276
-3.33395625
-4.52044840
-5.32350215
-4.70881011
-4.56975707
0.80416797
0.62611327
2.29242398
2.92257678
2.55383570
2.54084003
0.48286563
-0.54790935
0.61573508
1.15450179
0.58161930
1.94256280
2.84158806
3.88918338
2.41944040
3.13827754
1.06572392
0.72709341
0.11972040
2.41452332
1.94188311
3.94330381
4.18626853
4.35812085
4.45676934
1.95815224
2.41841290
2.27129240
0.87413827
-1.36409583
-1.94811621
-1.74873112
-2.80548239
-1.14134961
-1.60972130
-1.75833097
-2.84989371
-1.42063986
-1.32037824
-2.90118362
-2.60976700
-2.87156682
-3.94056175
-2.03887641
-1.93748857
-2.51413005
-1.08801215
-1.05992963
-1.10683168
-0.17159404
-1.94745438
1.95530282
-2.94169633

0.57325874
0.39806140
1.46014774
1.96386647
1.70640509
-0.62838303
-0.54009071
-2.12844506
-2.63266833
-2.60006296
-2.29102558
-0.00103551
-0.53675863
-0.06531179
1.05254922
2.67749252
2.54573321
2.38081606
3.03098232
2.57226255
1.33833374
4.14348854
4.40729388
430775728
4.82685436
1.89101832
2.23764675
2.13532787
2.38309329
1.72168064
1.63277745
1.46370423
1.19351333
1.56927019
2.76775077
2.14064116
2.70971009
2.97015080
1.71576270
3.43534744
4.22897603
461557041
4.87170476
4.30852501
1.43953466
1.65038032
0.02128864
-0.00801945
-0.30094148
-0.68356936
2.45540213
2.46874660
3.47184491
2.17482447
3.21966646
2.92457176
4.31126351
2.90081386
2.57407264
3.26398824
4.18438746
3.02197154
4.15075169
5.12068005
4.12024188
4.06749711
-0.65849698
-3.12114542

169



ITITOIOOOOOIIIOOIOOOOIIIOIIIOO D IUOZZOIIIOIIIOOIIIOIIIO

-1.65451188
-2.53075560
-0.75077077
-1.65073433
-0.42403689
-0.31594709
-0.53929593
0.48782724
-2.57878599
-2.74270514
-1.76297360
-3.17824783
-3.38435790
-3.98044128
-3.95450128
-4.52203255
-4.56185483
-0.90886344
1.43187202
-1.26666532
0.55194031
0.51504642
-1.50736332
-0.15415135
-1.84661766
-1.69819492
-2.44342623
-0.86362439
-2.93506251
-2.89212524
-3.84376288
-3.01349808
0.14599821
-1.12049990
0.92528797
-1.62231883
-1.70918196
0.42603271
-0.85865881
-2.61083747
1.00772142
-1.26264104
2.20800058
2.20970065
3.30336542
3.30704894
4.41084135
3.28605163
4.41326071
3.31689600
5.26807937
527871764

-2.67116119
-2.11295855
-2.12147659
-3.63781649
-3.81762172
-4.02693684
-4.77129990
-3.32558986
0.07294464
1.09944379
1.33523550
2.03162936
0.72302875
-0.40075256
-1.08709996
-0.88407756
0.48260772
-3.18797301
-1.42554361
-0.35372434
1.10838582
-0.66266341
-1.30808863
-0.98052527
0.74163739
0.05264689
1.59577414
1.11173894
-3.68971128
-3.92338186
-3.10833333
-4.63460936
3.16259742
3.59461857
3.91893691
4.79130191
3.01532358
5.10560341
5.53408382
5.13979704
5.69481913
6.45775204
2.03549573
3.21927261
1.16951160
3.53589453
1.49444082
0.25263406
2.66113627
4.43524690
0.82516965
2.89391218

-4.64070607
-4.98443902
-4.93327726
-5.16816024
-2.82413252
-1.75686440
-3.36281693
-3.17968961
-2.94473219
-1.81199329
-1.38390336
-2.20210793
-1.00875712
-3.38000652
-4.23243520
-2.56035202
-3.68698771
0.52021030
1.38334582
1.90853085
0.20663242
-2.10465003
-2.11342975
0.13870426
-4.12463626
-4.96300518
-4.48199574
-3.80667958
-2.68423099
-1.61420541
-2.87936503
-3.24417474
-1.05552437
-0.65798002
-1.97159978
-1.19755400
0.04715396
-2.50632401
-2.11178287
-0.90507201
-3.21290245
-2.52293490
-1.38691214
-2.17467532
-1.39396291
-2.97323014
-2.19325792
-0.81846127
-2.97401700
-3.58657363
-2.20866656
-3.59218271
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Figure S172. Optimized structure of 3br.
Below are presented xyz coordinates for optimized geometry of 3bi:
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1.16768200
0.07243700
-0.36116000
-1.19658100
0.25635900
-0.09593400
1.30839400
1.76579700
1.77679900
-0.60020300
-0.60183700
-2.06914400
-2.52726000
-2.63632500
-2.16163500
0.19102900
-0.33208300
0.29293000
1.19080600
2.88967300
3.05937800
2.47059900
3.28728700
2.25100800
1.57872400
4.21173000
4.52597000
4.10424600
5.01135500
2.34138000
2.67334600
2.67056400
2.91514700
2.33671100
2.33247100
1.99532800
1.72106500
1.99373800
3.04326300
2.48259300
2.62772500
2.76296400
1.57397100
3.23843900
4.55244400

2.95685700
3.59217800
4.82514200
5.33515900
5.40889900
6.36741000
4.74674600
5.18595000
3.50627200
2.97812200
1.88841000
3.40684400
2.84493900
3.19960900
4.47489600
3.26065900
2.82056200
4.34171200
2.81698300
2.79538000
1.82053900
2.53980900
2.04308500
3.48124600
1.90786600
3.59434600
3.80550600
4.55556400
3.02862200
-2.37209800
-2.31868500
-3.52075700
-3.50190700
-4.73733900
-5.65475000
-4.76620700
-5.71067700
-3.59340500
-1.00735400
-0.21670800
-0.98794500
0.01820600
-1.26650000
-1.67266700
-0.70781900

-0.79879000
-1.44030700
-0.92413800
-1.39710100
0.18886800
0.56685400
0.82424400
1.70953500
0.35600900
-2.66313700
-2.52098100
-2.81853700
-3.64058400
-1.90263800
-3.05964000
-3.95853200
-4.81711000
-4.12716400
-3.91773800
1.11771500
0.64526100
2.58091200
3.12010500
3.10126400
2.62527400
1.07326600
0.04447000
1.59411300
1.56982100
-0.03161800
1.34771400
2.07308900
3.13209900
1.46983200
2.05645400
0.11707100
-0.35068300
-0.65985600
2.03051500
1.52065400
3.51436600
3.92652100
3.63008600
4.11931800
1.88024300
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4.80392700
5.15649300
4.83994300
1.56699800
1.74514300
0.05113400
-0.29581100
-0.18649100
-0.51294400
2.34718900
2.07117200
3.43260200
2.11628500
3.46692900
4.45374200
3.61428400
2.84576700
2.83522900
3.56257200
4.45232900
3.40730400
4.51655500
5.42166200
4.74285900
4.19861700
-3.80726100
-3.53004100
-4.11112700
-2.46567600
-3.79060000
-2.89318700
-3.06160200
-3.10359900
-1.84040000
-4.82086800
-4.27332000
-3.51026000
-5.09398300
-3.84108800
-6.01699400
-6.51572900
-5.69511700
-6.76054400
0.28561700
1.66167200
2.34014800
0.46812200
-1.75538300
-3.41235100
0.66076900
-5.26601600
-5.76584100
-5.97796700
-4.40429100
-5.26946100
-5.50758000
-5.98873300
-5.40857200
-0.88615100
-1.02051100
-1.15198800
-0.86763000
-1.28104100
-1.18056600
-1.36246000
-0.98059300
-0.66506800
-1.40287300

0.23429300
-1.50901000
-0.60892200
-3.67654100
-2.70384000
-3.95272100
-3.93412500
-4.93443400
-3.19415200
-4.74839700
-4.70133500
-4.60676600
-5.75996100
2.91132000
3.07114700
2.79587200
3.79081100
1.64499300
0.45039600
0.55611300
-0.81244300
-1.82407400
-1.33914300
-2.34677500
-2.58302800
-1.21332700
0.12415800
0.94942600
0.38175600
0.02854900
-2.29446000
-3.27345400
-2.38174300
-2.02274700
-0.27498700
0.04830700
0.83263200
0.41865000
-0.83671500
-1.23908600
-1.48581900
-2.17501400
-0.76184400
-0.54202400
1.69865800
-1.13777400
0.19486400
0.24832700
-1.24081500
-0.02449600
1.04117200
0.87929200
1.55983600
1.70336700
-1.64328200
-2.58154400
-0.87747200
-1.81111000
0.07183600
-1.19350100
1.16429000
-2.51595700
-0.86812100
2.54179200
0.59908500
-3.53392800
-2.75825200
-1.88462400

2.38608300
2.32819400
0.82627100
-2.11928500
-2.59226300
-2.19309800
-3.23337300
-1.76040200
-1.63745900
-2.91066300
-3.97206000
-2.82912300
-2.55090600
-2.52119900
-2.07066300
-3.60288000
-2.33762600
-1.97003800
-2.16625700
-2.78252200
-1.55335700
-1.75364400
-2.13074500
-0.81781100
-2.48015900
-2.40803800
-3.12065800
-2.69844500
-3.06280000
-4.18711200
-3.02142800
-2.55441000
-4.09889500
-2.91115400
0.38846400
1.79358000
1.75106200
2.42676000
2.27747100
0.57100800
-0.37081400
1.04639200
1.22800100
-3.26766500
-1.30390200
-0.79178500
0.77717100
-0.43364000
-0.51823900
-1.04855400
-0.27221400
-1.23426900
0.38938700
-0.43033100
-2.64892000
-2.13058400
-2.33870600
-3.72792400
1.27101300
2.09457200
2.29106300
1.68775400
3.44851900
2.08938900
3.57056600
2.64984200
0.64707400
4.40508000
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-1.41874200 3.37396800 3.19705100
-1.02480700 2.95842800 1.09647300
-1.60885000 1.43008400 4.67155000
-1.24899000 -3.21978200 3.99309800
-0.85799600 -4.57251600 2.34962300
-1.60615500 -1.65038100 5.44913700
-1.63146200 2.82173000 4.47274800
-1.43986400 4.45428200 3.06359100
-1.78233600 1.01330300 5.66279200
-1.33813200 -4.02139400 4.72479100
-1.82071300 3.48098000 5.31870300
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Figure S173. Optimized structure of 3brs2.
Below are presented xyz coordinates for optimized geometry of 3bTsz2:

0.87085600 2.99791900 -0.96926000
-0.18307700 3.35986500 -1.85158400
-0.89880200 4.53600000 -1.56553600
-1.70690700 4.83906600 -2.22764300
-0.59521800 5.32042800 -0.44574700
-1.16180500 6.22970700 -0.24868600
0.42403400 4.92566400 0.42551400
0.64119400 5.52425000 1.30943200
1.17029400 3.75833500 0.18848200
-0.52209500 2.52532100 -3.08329400
-0.26954000 1.48147800 -2.85839300
-2.02097900 2.56609200 -3.43366500
-2.24001300 1.79605100 -4.18327600
-2.63589000 2.36046200 -2.55022400
-2.31762200 3.53784000 -3.85442700
0.32464500 2.92896700 -4.31179400
0.00201900 2.34866700 -5.18589500
0.20303600 3.99740600 -4.54004900
1.38818200 2.72286700 -4.15335600
2.24908000 3.33914400 1.18088000
2.72723700 2.43014500 0.79627300
1.62456000 2.99558200 2.55025600
241609600 2.72724200 3.26249800
1.07817700 3.85576500 2.95972200
0.93382900 2.15228500 2.45690600
3.33311700 4.42753500 1.34767500
3.77432200 4.71770700 0.38618700
2.91553100 5.33248700 1.80983500
4.13728400 4.05946800 1.99869600
2.72774600 -1.99528900 0.25731000
2.75090600 -1.88108400 1.67620500
2.61694000 -3.04890400 2.44176600

OOO0OIIITOIIIOIOIIIOIIIOIOOIOIOITOOO

173



OIIIOAd T UTUOZZOIIIOIIITIOOIIIOIIIOOIIIOOIOOIIIOIIIOIIIOIOIIIOIIIOIOOIOIOX

2.62291900
2.47264400
2.35829400
2.50074800
2.42389200
2.63871900
3.00630100
2.65180800
2.23445300
2.38227900
1.16240000
2.58120700
4.52408700
4.71353100
493121700
5.07241800
2.75825300
2.80393300
1.53624400
1.63381900
1.45604100
0.61526500
4.04190600
4.17585500
4.93984300
3.96707600
3.31864300
3.99811200
2.47161500
3.86356700
2.87700300
3.82234700
4.75385400
3.80110400
5.09905900
5.94461800
5.09126800
5.24981000
-4.91981800
-4.88588700
-4.78463700
-4.06217200
-5.82239600
-4.96582800
-5.01740700
-5.85812700
-4.07953000
-3.38504800
-1.93472800
-1.23375800
-1.86826300
-1.59803600
-4.27827300
-5.33668300
-3.96040600
-4.18816500
0.68221500
1.65408900
2.72485100
0.56335500
-1.74730300
-3.42477300
0.82555900
-3.84365600
-4.91352100
-3.67695100
-3.28908600
-6.20036900

-2.97659900
-4.30257600
-5.19586700
-4.40351400
-5.38317600
-3.26707000
-0.54279600
0.24201000
-0.39722400
0.60878700
-0.54797300
-1.11201000
-0.34124400
0.63835100
-1.11808600
-0.38325800
-3.47798600
-2.49648300
-4.21938000
-4.30314200
-5.23467200
-3.67414300
-4.27669600
-4.32867500
-3.82754700
-5.30530500
3.30009300
3.16628300
3.92070400
3.84178500
1.94669700
0.91183300
1.14655700
-0.32841500
-1.11140500
-0.43661000
-1.89057600
-1.58794700
-0.25451200
-0.46799200
-1.52056500
0.09206700
-0.08810400
1.26677500
1.47433500
1.69536200
1.77042100
-2.83918600
-3.23654500
-2.91005100
-4.33081000
-2.78086100
-3.32506200
-3.08861900
-2.87804300
-4.41896500
-0.94929600
1.81895900
-0.77666200
0.24407800
0.13470400
-0.91839000
0.06400500
-3.50949400
-3.35317800
-4.59602300
-3.14385800
-0.89246800

3.52690400
1.83782200
2.45067900
0.44639600
-0.02334300
-0.37373900
2.36031300
1.68392900
3.68378600
4.09362200
3.51943200
4.44319200
2.57929700
3.04005100
3.24152000
1.63004800
-1.88070900
-2.36591200
-2.46096300
-3.55109100
-2.04736200
-2.24735600
-2.21720200
-3.30615100
-1.77822400
-1.83840400
-2.34259300
-3.19125800
-2.64590400
-1.55853100
-1.81490200
-1.85457100
-2.36444600
-1.16822500
-1.15755600
-0.98164100
-0.39018900
-2.13490100
-0.63310000
0.89203300
1.17059900
1.34760900
1.33061100
-0.91343200
-1.98976300
-0.43182800
-0.50716500
-1.57203500
-1.90408600
-1.12821600
-1.99955800
-2.84265600
-2.74280000
-2.58748800
-3.69284800
-2.82873700
-2.88651300
-1.25114600
-0.51961000
0.95961000
-0.70748200
-1.64676400
-0.72512300
-0.26625600
-0.08345500
-0.34083100
0.60336600
-1.22070200
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-6.23905900 -0.78814200 -2.31293400
-6.28480800 -1.95561700 -0.96732300
-7.07849100 -0.38091200 -0.79858300
-1.57188300 0.00656000 1.08646600
-1.54230200 -1.13194500 2.02610200
-1.72549000 1.21050000 1.93723300
-1.23536700 -2.47266300 1.78723600
-1.69770800 -0.64965600 3.35875500
-1.83811900 2.54993300 1.55722900
-1.83935000 0.81787900 3.29985400
-1.15669900 -3.35637100 2.87657300
-1.02154300 -2.81674700 0.77963500
-1.62683400 -1.52952400 4.43860300
-2.03823200 3.51294000 2.56021900
-1.75751600 2.83355400 0.50947900
-2.05293000 1.77662800 4.29055800
-1.36657000 -2.89172900 4.18413200
-0.91252500 -4.40219100 2.70413300
-1.74292900 -1.17535600 5.46160100
-2.14590000 3.13065400 3.90737600
-2.10877200 4.56341300 2.28691800
-2.15635100 1.49411300 5.33704100
-1.29971400 -3.58814100 5.01839600
-2.31231000 3.89045100 4.66936200
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Figure S174. Optimized structure of 3b.
Below are presented xyz coordinates for optimized geometry of 3b:

-3.03859900 -1.40130600 0.00014300
-3.47892000 -0.06759300 0.00014400
-2.54877700 0.98809300 0.00009200
-1.19208700 0.67063400 0.00004000
-0.74200500 -0.67233700 0.00003900
-1.66579600 -1.71893900 0.00009100
-3.77170900 -2.20607400 0.00018400
-4.54568100 0.14700900 0.00018500
-2.86859300 2.02832000 0.00009200
-1.34426100 -2.75895100 0.00009100
0.00000000 1.58195900 -0.00002000
1.19208700 0.67063400 -0.00005800
2.54877700 0.98809300 -0.00011800
3.47892000 -0.06759300 -0.00014200
3.03859900 -1.40130600 -0.00010700
1.66579600 -1.71893900 -0.00004600
0.74200500 -0.67233700 -0.00002200
2.86859300 2.02832000 -0.00014500
4.54568100 0.14700900 -0.00018900
3.77170900 -2.20607400 -0.00012600
1.34426100 -2.75895100 -0.00001900
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o 0.00000000 2.81312500 -0.00003700

E.3.4. Reaction of 1 with 4-cyanobenzophenone leading to Z-3c

Figure S175. Optimized structure of Z-3crsi.
Below are presented xyz coordinates for optimized geometry of Z-3crsz:

3.31363500 -0.43850500 0.25474400
3.96047400 -0.86060700 -0.93334400
5.17966500 -0.24199200 -1.27011700
5.71197900 -0.57386700 -2.16026500
5.72836100 0.77405700 -0.48210300
6.67868000 1.22821300 -0.75903500
5.04031800 1.21854100 0.65113200
5.45357900 2.03113100 1.24683700
3.82647900 0.62956500 1.03851800
3.41162500 -1.96933400 -1.82586200
2.37405800 -2.16590400 -1.52168200
3.39422700 -1.53670700 -3.30638600
3.00185300 -2.35076100 -3.92747900
2.75285700 -0.65869200 -3.45161400
4.40309500 -1.30059400 -3.67057000
4.20897900 -3.28261000 -1.66930400
3.77658000 -4.06067600 -2.31172300
5.25928500 -3.13916100 -1.95980000
4.18725200 -3.64617800 -0.63689000
3.12006700 1.10659200 2.30487100
2.11903300 0.66031100 2.30725300
2.95672100 2.63978600 2.32890400
2.38227700 2.93860400 3.21552100
3.92855100 3.14909000 2.38000200
243272400 2.99589300 1.43702600
3.86769600 0.63974300 3.57499300
3.92771700 -0.45241400 3.63119900
4.89157600 1.03846600 3.58954200
3.34843100 0.99779000 4.47383100
-1.78664800 -0.53292600 2.40090700
-1.86914800 0.76772100 2.97122500
-3.14601500 1.27613500 3.27235300
-3.23631400 2.27279200 3.69905400
-4.30390200 0.52616700 3.03347600
-5.28299300 0.94771000 3.25564800
-4.19328900 -0.77919800 2.54942400
-5.09146400 -1.38125500 2.41658900
-2.94089500 -1.34733700 2.25378000
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-0.60861600
0.08097000
-0.86770200
0.09304900
-1.42692300
-1.42126500
0.09835100
0.91901400
-0.60362700
0.52773400
-2.86382200
-1.80773600
-3.50830900
-3.49380900
-4.55280100
-2.94166000
-3.52695700
-3.31113900
-3.17193700
-4.61821000
3.79974100
3.95413500
3.86630300
4.60136300
2.41856600
1.44109500
1.76503300
0.12953600
-0.54155300
0.18806400
-1.38112000
-0.91468900
0.35666600
-1.28459200
-1.71922100
-2.78479400
-1.14230200
-1.51473500
0.20450400
0.61524500
0.29931700
0.79112300
-3.12448800
-3.39164300
-2.48578200
-4.17420300
-3.71229400
-4.32699400
-4.26334100
-4.45178300
-5.23744700
0.28665700
2.16253400
-0.49789100
0.51606900
0.14369300
-1.46852600
0.25696400
-2.96951700
-2.77957400
-3.89476700
-2.13745200
-2.09861500
-1.74459700
-3.17079100
-1.96808000
-0.96913400
-1.21763600

1.57443000
1.44799100
3.08239200
3.60583700
3.53248200
3.27339600
1.03775000
1.71220500
0.98869100
0.04496500
-2.83743400
-3.11961200
-3.19895900
-4.28747200
-2.85948900
-2.74676100
-3.67565900
-4.74092500
-3.38961300
-3.55118400
-2.57562900
-2.85823200
-3.48774100
-1.90297400
-1.97854100
-2.34807500
-3.04459300
-1.84864000
-2.28553900
-2.29399200
-1.64358400
-3.31101700
2.13140500
-2.94836200
-2.48124900
-2.24297700
-1.59983100
-3.29049600
-3.33276600
-3.64913900
-4.16418400
-2.48603400
-0.59551500
0.08569200
0.57837800
0.85098700
-0.63385500
-1.51026600
-1.98214200
-2.29389700
-0.89145200
-3.42379200
-1.14109000
-1.05463600
1.15447400
-0.16820600
-1.54077400
-1.06543400
0.47758000
0.03625200
1.07185600
1.15101200
-4.17300300
-4.51227600
-3.95787400
-4.99511100
2.74630400
3.48811100

3.29888400
2.45332700
3.49811500
3.57625400
2.66970100
4.42806500
4.56766300
4.84552100
5.41085900
4.40977000
1.91488400
1.84057200
0.56498900
0.42427300
0.51718600
-0.25646200
3.03613500
2.88019000
4.03320700
3.02415400
2.00477600
3.05094200
1.39524600
1.68949200
1.80584000
2.73293100
3.50275500
2.89899700
4.19245100
5.00946800
4.46813500
4.07023100
-0.49768300
-3.31286700
-4.71816300
-4.78648500
-5.02651800
-5.43627800
-3.41517500
-2.45310200
-4.13089300
-3.78740000
-2.31843200
-0.96562200
-0.59739000
-1.07290400
-0.20803800
-2.63195000
-3.61746100
-1.87702800
-2.62163500
0.02113100
0.76642700
2.01092300
0.30121000
-2.20417600
-2.01346300
-0.00981600
-3.41415900
-4.39850800
-3.47399000
-3.17555300
-2.84254900
-1.86214900
-2.77225900
-3.56315600
-0.75109700
-1.93062600
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-1.97617300 2.66136300 0.22706600
-2.43888900 4.12770800 -2.11893800
-0.46032400 3.52324600 -2.70966400
-3.19131200 3.32351100 0.06645100
-1.80074900 2.05651000 1.10851900
-3.43171700 4.06392200 -1.11013100
-2.63996600 4.67603500 -3.03562600
-3.95780800 3.25324900 0.83415900
1.52943900 2.86507100 -1.04960100
1.56915400 4.27579100 -0.96075500
2.60594800 2.17968600 -1.64048700
2.67799800 4.98118100 -1.43951800
0.74524500 4.81016100 -0.49170400
3.68939000 2.89199200 -2.16088200
2.56583900 1.09881000 -1.72105100
3.73458100 4.29017700 -2.05248100
2.71213200 6.06484600 -1.34446700
4.50035800 2.35065400 -2.64118400
-4.68444600 4.73277900 -1.29369500
-5.71327800 5.27912000 -1.44400600
4.58812800 4.83978800 -2.44582700
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Figure S176. Optimized structure of Z-3cr.
Below are presented xyz coordinates for optimized geometry of Z-3ci:

-3.26556000 -0.60207100 -0.19214300
-4.02042900 -0.55799300 1.00421900
-5.15038000 0.27937900 1.03397100
-5.74961700 0.32739000 1.94236600
-5.51501300 1.04663600 -0.07355500
-6.38579700 1.69814600 -0.02369300
-4.75745000 0.98267100 -1.24863700
-5.05113300 1.58158700 -2.10803500
-3.62963900 0.15401500 -1.33758100
-3.70069700 -1.42377300 2.21895400
-2.85145200 -2.07033400 1.96464200
-3.28798000 -0.56639900 3.43339400
-3.07785000 -1.21069100 4.29708300
-2.38344200 0.01031900 3.21152500
-4.09204300 0.12920200 3.71256900
-4.90075500 -2.31929100 2.60731500
-4.60049400 -3.02478300 3.39318700
-5.73118800 -1.71605000 2.99873300
-5.28157900 -2.89216300 1.75348700
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-2.88465600
-1.87376400
-2.76197000
-2.15269200
-3.74196100
-2.29165300
-3.57583200
-3.59553800
-4.61174900
-3.04210000
1.89968500
2.08237500
3.39256400
3.56133200
4.48461800
5.49027900
4.27320100
5.11910200
2.98576700
0.88815300
0.19853600
1.26873600
0.35650800
1.90573100
1.79809900
0.13964600
-0.63299000
0.83657400
-0.35482100
2.81447500
1.74384800
3.43924200
3.28455900
4.51986500
2.96559500
3.43022800
3.15949500
3.09046600
4.52653600
-3.75629000
-3.86523500
-3.90593800
-4.53589300
-2.36820800
-1.35769800
-1.66044400
-0.04543500
0.61951300
-0.09779400
1.51078100
0.90302700
-0.29272600
1.63575100
2.22095800
3.29132000
1.69036800
2.07838500
0.19011500
-0.36445700
0.26034100
-0.36839100
3.38683700
3.54933700
2.64286400
4.36564000
3.78785900
4.59091900
4.62376200

-0.02119100
-0.37006100
1.27728300
1.09444900
1.63661500
2.06955400
-1.10338300
-2.07699800
-0.81079300
-1.22431300
-1.76537400
-0.78189500
-0.52802200
0.22963100
-1.24643400
-1.02853400
-2.25820900
-2.83896900
-2.54506100
-0.09835700
0.21777100
1.13767500
1.66856600
1.84444200
0.84671900
-1.09100500
-0.56022300
-1.54913500
-1.88537800
-3.69906600
-3.85461200
-3.36140200
-4.18525800
-3.18487200
-2.46388500
-5.01032700
-5.84774800
-5.24071000
-4.94874000
-3.34356300
-4.16746400
-3.74172600
-2.59761000
-2.74572200
-3.52105900
-4.50299900
-3.13431600
-4.08824100
-4.35996300
-3.66298600
-5.01066500
1.82953700
-0.74684600
0.36374300
0.52723800
1.31122400
0.06446800
-0.97788400
-1.68149500
-1.39393100
-0.03726100
0.67570100
0.61032000
0.91577700
1.27608200
-0.40834900
-0.08293500
-0.04529100

-2.65827800
-2.41486300
-3.47461400
-4.36894400
-3.81718800
-2.88769700
-3.52312600
-3.02275100
-3.74303300
-4.47518900
-1.79641700
-2.80446100
-3.24668000
-4.00806100
-2.74687900
-3.10230900
-1.80838900
-1.44307300
-1.31953100
-3.47256800
-2.67801200
-4.31260500
-4.61095900
-3.76843900
-5.23068500
-4.39679700
-4.96779000
-5.11141300
-3.83090000
-0.33376400
-0.15786400
1.03043700
1.73874500
0.93391600
1.44051400
-0.87585700
-0.21935200
-1.89235300
-0.89897300
-0.70821500
-1.42008400
0.30453500
-0.89050000
-0.78491000
-1.35720800
-1.71285200
-1.71929900
-2.70154400
-3.48429400
-3.16643400
-2.17890900
0.38230100
3.94512500
4.84395100
4.69314800
4.68684100
5.89333000
4.44355300
3.82038800
5.46043300
4.50682300
1.76284200
0.23059200
-0.29327000
-0.08533000
-0.08655800
2.36801900
3.46119400
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4.62077700 -1.12932000 2.04902700
5.50476600 0.40320000 1.99377300
-0.32085500 -2.86562100 1.68842600
-2.13254400 -1.49363500 -0.32598100
0.56925700 -2.01685400 -1.28561400
-0.27546800 0.72721400 -0.54636000
-0.13373500 0.98278200 2.10991600
1.71106600 -0.23381900 2.06432100
-0.30072400 -0.93291500 0.33687900
3.40803800 2.13375600 2.25452100
3.38505800 2.20261100 3.34608100
4.33615500 2.61050000 1.90365900
2.56620800 2.70328500 1.85893600
241275300 -2.06969500 4.11829300
1.92694200 -2.87434800 3.55616200
3.45632100 -1.99458300 3.79658400
2.40847000 -2.34164200 5.18466800
0.75958800 2.87055800 0.04693400
0.87548700 4.02204600 0.85365200
1.53865900 2.76863900 -1.11182800
1.77633900 5.03181000 0.52723900
0.25118900 4.11525700 1.74093300
2.45331600 3.76967400 -1.45093600
1.41856300 1.89169300 -1.73821100
2.58349600 4.90788400 -0.62963500
1.86904600 5.91511500 1.15421800
3.06499800 3.67908200 -2.34578500
-1.64374700 2.58125500 0.29978500
-1.87170000 3.40292100 -0.82265600
-2.59579400 2.57806100 1.32907100
-3.01401000 4.20354300 -0.91011100
-1.12631700 3.44037800 -1.61465200
-3.73571100 3.39239500 1.25171000
-2.44431800 1.95534100 2.20710400
-3.94765000 4.21114200 0.13737000
-3.16519700 4.83348800 -1.78537000
-4.45645500 3.37821600 2.06723800
3.52434500 5.93436600 -0.96559900
4.29867000 6.77385000 -1.24047800
-4.82935600 4.84756000 0.08272000
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Figure S177. Optimized structure of Z-3crs2.
Below are presented xyz coordinates for optimized geometry of Z-3crsz2:

Cc -3.32126800 -0.20750500 -0.19902100
Cc -3.94111500 -0.12013000 1.07247400
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-5.10113700
-5.61510200
-5.60178000
-6.50380300
-4.91799100
-5.27960700
-3.77323900
-3.38060800
-2.28265400
-3.74447600
-3.23915700
-3.43905300
-4.82370800
-3.80050800
-3.41276600
-4.89601900
-3.39102500
-3.05140100
-2.23646800
-2.42606300
-1.93684800
-3.19301000
-1.68689100
-3.97680300
-4.41806500
-4.79743200
-3.40789800
1.54914400
1.79266800
3.12360100
3.34327800
4.17680700
5.20121900
3.90779900
4.72700900
2.59472600
0.63740000
-0.03566300
1.08352000
0.19889700
1.68200300
1.66664200
-0.16307700
-0.93840500
0.50023500
-0.66084100
2.34889500
1.26823100
2.91579900
2.73641200
3.99759500
2.41723700
2.94265100
2.63269800
2.61567100
4.04040300
-4.21426400
-4.67099200
-4.36461000
-4.74038100
-2.72720900
-1.87641400
-2.35489500
-0.53448700
0.04411400
-0.71104700
0.92592900
0.33781000

0.66619400
0.72956100
1.38041900
1.98093700
1.35380600
1.95171900
0.55685500
-0.86401400
-0.83300200
-0.18285300
-0.69716900
0.87092300
-0.23671000
-2.34927000
-2.81512800
-2.44029900
-2.90939600
0.55201200
-0.17949900
1.93856200
1.95676700
2.72401500
2.17926200
0.15349900
-0.83985100
0.87305600
0.13441100
-1.74568400
-0.65439600
-0.39208400
0.43992200
-1.19036500
-0.95928100
-2.29218100
-2.92507900
-2.59957200
0.15729400
0.41254100
1.46028900
2.03144500
2.10349100
1.25033300
-0.68144400
-0.05778600
-1.04840500
-1.53762900
-3.84806100
-3.98685600
-3.70151500
-4.62012200
-3.50978500
-2.88070800
-5.10532100
-6.00426900
-5.20289100
-5.07567800
-2.60886700
-2.03878900
-3.67477700
-2.32959000
-2.31174100
-3.19329800
-4.06487900
-2.98938800
-3.93061500
-4.16321500
-3.50503200
-4.87297700

1.18019900
2.13631700
0.08579500
0.19374300
-1.13111900
-1.96661800
-1.30045400
2.28122500
2.18552500
3.61346100
4.43798100
3.62964400
3.81107500
2.32515000
3.24021800
2.32800000
1.47986400
-2.64397500
-2.58800100
-2.90407400
-3.88676400
-2.89311600
-2.13449600
-3.81416000
-3.66738200
-3.93514300
-4.75290500
-2.06968800
-2.94954900
-3.31177500
-3.97627400
-2.84649800
-3.13345800
-2.03406100
-1.69613300
-1.63148100
-3.53646400
-2.70496900
-4.22715400
-4.53122100
-3.57399300
-5.13451200
-4.56321200
-5.02672400
-5.35783600
-4.09980300
-0.78582100
-0.67312700
0.63897800
1.21187900
0.61645400
1.16594500
-1.46278600
-0.91414300
-2.50517400
-1.45984400
-1.15265300
-1.97099200
-1.35257300
-0.23595300
-1.06135400
-1.75354300
-2.19294000
-2.11619700
-3.15441400
-3.91293400
-3.64107300
-2.67385500
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0.11037600
0.98259900
1.58226400
2.67506400
1.18738900
1.30448400
-0.53903700
-1.02117500
-0.70719100
-1.00250000
3.22195100
3.55278000
2.86686900
4.57072300
3.51014900
4.12676600
4.05307000
3.93448000
5.16673200
-0.49426800
-2.28811200
0.20144800
-0.07919000
0.07195300
1.30243200
-0.31018600
3.55580300
3.35660500
4.62566600
2.97950600
1.53751700
1.14097500
2.62836900
1.20640000
1.38289600
1.94998700
1.97223300
3.08560300
1.48694700
3.12116500
1.53263400
3.69018500
3.51530700
3.58693800
-1.07686900
-0.98060000
-2.31138500
-2.07105600
-0.04686900
-3.38990800
-2.40471000
-3.27784900
-1.97246900
-4.32362900
4.87208900
5.84189900
-4.12371800

2.12340500
-1.17573700
-0.31569200
-0.26650700

0.70796800
-0.76605100
-1.26453500
-1.87677700
-1.74353600
-0.27331900
-0.03258600
-0.06155700

0.54815400

0.32305400
-1.08238600
-1.08517500
-1.07320800
-2.09987200
-0.83437100
-3.12431100
-1.19563000
-1.98090800

0.62313100
1.42644600
-0.37592300
-1.06132100

1.34310600

1.37122100

1.54960200

2.14302800
-2.61826400
-3.22443600
-2.65857900
-3.06935000
2.71682700
3.80036900
2.33080600
4.45641100
4.11606000
2.96666800

1.50497800
4.03484200

5.28426700

2.63366200

2.99229700

4.04255200

2.79899500

4.88079100

4.21215400

3.65447900

1.97673600

4.69807900

5.68080500

3.49475000
4.68295600
5.21034100

5.35723800

0.88877600
4.07980100
5.21472700
5.17681400
5.18829000
6.17997300
4.31519500
3.54686700
5.29206400
4.33091000
2.23182900
0.72752100
0.13927900
0.56391800
0.33904500
2.90812500
4.00015300
2.54906100
2.64719400
1.28293700
-0.43027500
-1.60531500
-0.20567800
2.58179600
2.35141400
0.12989600
2.83871300
3.91551300
2.67945000
2.37089100
4.14026600
3.31959100
4.12169900
5.08805500
0.33368700
1.04283300
-0.88000000
0.57079400
1.97574000
-1.35725200
-1.42686900
-0.63539400
1.12933600
-2.28168000
0.56996800
-0.37289800
1.22482700
-0.62958800
-0.90226700
0.99040400
1.92890300
0.05962300
-1.36152300
1.52341300
-1.12082000
-1.52200200
-0.12951900
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Figure S178. Optimized structure of Z-3c.
Below are presented xyz coordinates for optimized geometry of Z-3c:
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-1.16907500
-0.87147800
-1.33606800
-2.12501000
-2.40868900
-1.93043300
-0.81524300
-2.99995300
-1.02329300
0.54433700
1.93778600
2.36746000
1.18526100
2.49131700
3.66340800
1.05661300
0.24512600
1.37031100
3.31056900
2.68307700
1.56402600
3.79179800
4.54610900
3.63142500
3.37202600
4.43014700
4.04092900
2.74357200
3.97323500
4.94391800
5.18999600
3.30730200
4.76389500
4.59168600
3.53718500
2.02664100
2.22390400
-0.28633300
-2.50020500
-2.18671100
-2.08460300
-3.43251700
-3.17772000
-1.14461500
-4.52366600
-3.53015000

2.86625900
1.50476900
0.63571500
1.16942200
2.53333100
3.39344100
3.52819800
2.93987800
-0.81541300
-1.52616900
0.21044900
0.02162700
0.72047800
-1.41237000
0.80568800
1.75301200
0.18131500
0.73660300
-1.96980200
-1.36586600
-1.98063300
0.90338700
0.28616900
1.81554600
-0.45877100
0.66234700
-1.76598800
-0.66914000
1.60149500
0.85348500
0.36513300
-2.56976600
-2.09702200
-1.62658200
-0.90295400
-1.50163100
0.23542300
1.09662500
0.50446400
-1.72921400
-2.98683900
-1.36500800
-3.85692000
-3.25922400
-2.23774000
-0.40218000

-1.19620800
-1.23062900
-0.22078100
0.82244800
0.88297400
-0.13001700
-1.98236500
1.69957800
-0.23887500
-0.37603200
-0.15787600
1.71527200
2.42730200
2.26642000
2.00388700
2.07979500
2.25387000
3.51201900
1.80247100
3.34971200
2.11502100
3.09259700
1.61209000
1.57408200
-1.24765000
-1.37050600
-0.78669300
-2.64617700
-1.70775300
-0.42247100
-2.10918800
-0.64507300
-1.54837600
0.15103300
-3.37141000
-2.65047200
-2.99124200
-2.04999500
1.59763600
-0.13273600
0.50770700
-0.69890200
0.55597800
0.98414700
-0.64945200
-1.19618800
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-4.40147600 -3.48767400 -0.02326800
-3.08058400 -4.81598400 1.06149000
-5.46932100 -1.94326400 -1.10090500
-2.22712100 4.79432800 -0.08197700
-2.46932400 5.94256400 -0.04193200
-5.25453600 -4.16193900 0.02334300

IZO0IITO

E.3.5. Reaction of 1 with 4-cyanobenzophenone leading to E-3c

Figure S179. Optimized structure of E-3crsi.
Below are presented xyz coordinates for optimized geometry of E-3crsi:

2.40957400 1.23150400 -1.45734300
2.98356800 2.36174600 -0.82265200
4.38709700 2.41563300 -0.72451600
4.85148800 3.29042500 -0.27132600
5.19706900 1.38375800 -1.20889800
6.28072100 1.45402200 -1.12777600
4.60663300 0.25230000 -1.78056300
5.23801500 -0.56071900 -2.13602100
3.21257900 0.15182100 -1.91477400
2.15309100 3.52756600 -0.29360100
1.09730500 3.22335500 -0.29887800
2.53888400 3.87759300 1.15863800
1.94362700 4.73060800 1.50635100
2.34473900 3.03387800 1.83246200
3.59774300 4.15801000 1.23865300
2.29510700 4.78035500 -1.18663500
1.66073900 5.58837500 -0.79974800
3.33532700 5.13495400 -1.19877600
1.99416600 4.57720700 -2.21945000
2.59992900 -1.06757800 -2.59975000
1.51930600 -1.03494300 -2.41920400
3.13915400 -2.39055200 -2.02065400
2.63134100 -3.23925200 -2.49696500
4.21564800 -2.50531900 -2.20567700
2.97186900 -2.44705700 -0.94122300
2.84224400 -1.03066200 -4.12643300
2.39863300 -0.14080500 -4.58529000
3.91871100 -1.02725900 -4.34686700
2.39794900 -1.91506600 -4.60202300
-2.45503300 -1.41373300 -1.57228200
-2.02865800 -2.77104500 -1.56454100
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-2.96464500
-2.65940000
-4.28122400
-4.98340300
-4.69923600
-5.73815400
-3.81217800
-0.61319400
0.07259700
-0.19033200
0.87534600
-0.33863300
-0.74282300
-0.44552000
0.53079700
-1.22504500
-0.48644300
-4.36681800
-3.55836300
-4.87413500
-5.32996800
-5.62835800
-4.03735300
-5.51128500
-5.78273800
-5.23175200
-6.40772000
1.57565200
1.41012300
1.31879400
2.63534600
0.67135900
-0.50354700
-0.66168200
-1.45505800
-2.45259500
-1.94963500
-2.95034000
-3.21805000
1.07327600
-2.19944100
-2.12964600
-2.93028100
-1.16435800
-2.21828800
-1.07104400
-1.02532000
-1.25959100
-0.10164600
-2.85567700
-2.98642700
-2.02593600
-3.29427600
-3.71970400
-4.27805400
-4.28490400
-4.87634000
-4.78042100
-1.57261700
0.99848400
-1.50073600
0.62289400
0.16440600
-1.91321100
-0.50882300
-2.03944500
-1.91667300
-2.55694300

-3.75425800
-4.79809900
-3.41801500
-4.19427200
-2.08881200
-1.83558300
-1.06747200
-3.16442700
-2.43313600
-4.57568900
-4.72028500
-4.73686400
-5.35489000
-3.08973300
-3.50363800
-3.67661400
-2.06142300
0.33319000
0.95384100
1.04332300
2.00546100
0.43776600
1.24466600
0.26868500
1.28448900
-0.31060800
-0.19687300
2.30411300
2.09194400
3.35776100
2.17337800
1.44933900
0.98331800
1.29356800
0.06059700
-0.41869300
-0.56447100
-1.34692700
0.35631500
-1.46987400
3.42839800
3.57133800
3.03910300
3.20973800
4.63806300
4.30568200
4.25273100
5.34944800
3.99938400
0.41641300
-0.87389800
-1.13845600
-1.71005900
-0.76618800
0.88816500
1.76388100
1.11436700
0.06937900
2.75609700
1.17859400
-0.37296000
-1.03440100
1.16528500
1.60479900
0.85238800
0.12788300
1.02144200
-0.64039100

-1.19522300
-1.17035200
-0.85863300
-0.55820200
-0.95154600
-0.74304300
-1.33686400
-1.99799900
-1.55004800
-1.53957600
-1.75585700
-0.46562700
-2.08328600
-3.53565000
-3.82063200
-4.03979000
-3.90436400
-1.60322300
-2.00516300
-0.33582900
-0.60296200
0.18674700
0.34213800
-2.64481100
-2.96134800
-3.53268900
-2.21325800
-3.91425600
-4.97525200
-3.73619000
-3.68034000
-3.04552700
-3.63954400
-4.66984800
-3.14606400
-4.18982700
-5.15201700
-3.90064900
-4.32956400
1.15619700
2.31087500
3.84602600
4.36814100
4.22311300
4.10406900
1.73294100
0.64242500
2.02889000
2.14068100
2.95671200
2.12927700
1.67491700
2.77382900
1.32556800
3.32494300
3.98168100
2.43575500
3.86306400
-1.28894500
-1.75358700
-1.87355400
0.04855700
1.86167200
1.76239800
-0.38998600
4.23185000
4.85347400
4.82759700
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-1.04252800 -0.24787400 3.97153300
-3.55672500 3.91104100 1.75584800
-3.56743200 3.84135400 0.66196200
-4.39801100 3.33106700 2.15173100
-3.71197900 4.96362400 2.03891200
0.28940100 -2.33505400 2.06187100
0.64850000 -2.47614400 3.42362700
-0.78871500 -3.08501100 1.55648800
-0.05652300 -3.35496100 4.24761800
1.45208100 -1.86710600 3.83140900
-1.47245400 -3.98813000 2.37489500
-1.08647500 -2.94213500 0.52415900
-1.10818100 -4.12724300 3.72151900
0.20973700 -3.44007800 5.29931500
-2.29719000 -4.56556700 1.96133400
-1.64574700 -4.82233000 4.36413400
2.53596900 -1.36166300 1.46273100
3.25023500 -2.53736400 1.78622600
3.21848800 -0.13561500 1.39754800
4.62571300 -2.49252900 2.01458700
2.72743400 -3.49013900 1.83208000
4.58269000 -0.07102400 1.67335900
2.66733800 0.76840100 1.16374500
5.29809800 -1.25201600 1.96696900
5.18053800 -3.40062300 2.23612700
5.09865400 0.88350400 1.64905400
6.70930200 -1.19011300 2.21150300
7.86631100 -1.13669400 2.40381300
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Figure S180. Optimized structure of E-3ci.
Below are presented xyz coordinates for optimized geometry of E-3ci:

-2.37207300 -1.92175500 0.21458300
-3.10434100 -1.98304900 1.42473900
-4.49605500 -1.79394500 1.35462800
-5.08553600 -1.84212700 2.26917200
-5.13575700 -1.54798300 0.13659600
-6.21321900 -1.39461000 0.10660300
-4.39032500 -1.49741200 -1.04704000
-4.89995000 -1.32150200 -1.99291000
-3.00106400 -1.69403400 -1.03622300
-2.44859800 -2.30648800 2.76456600
-1.41295000 -2.61120300 2.57027400
-2.38946800 -1.06786300 3.68273600
-1.94035400 -1.33452600 4.64840600
-1.77527300 -0.27899600 3.23283000
-3.39789600 -0.67149500 3.86992200
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-3.17091000
-2.58939900
-4.16518200
-3.30438800
-2.21672400
-1.15159100
-2.51236900
-1.99398200
-3.58406800
-2.15957900
-2.48792900
-2.22425500
-3.55014900
-1.89522900
2.82972400
2.60810300
3.69378600
3.54711100
4.96497800
5.78800900
5.17478000
6.17107400
4.12529300
1.25736000
0.47587600
1.09625800
0.05029900
1.37876800
1.71158500
1.03405100
0.11677700
1.87355700
0.92801100
4.43720900
3.54159900
4.76785900
4.94376800
5.66675100
3.92472900
5.60165300
5.69806700
5.45619800
6.55478600
-1.56611000
-1.21901100
-1.65122700
-2.56655300
-0.58238200
0.69576200
0.88598900
1.70353800
2.77163700
2.28830600
3.39108100
3.42142400
-0.96732600
2.00095500
2.00566500
2.88404400
1.10017900
2.01561600
0.83830900
0.68283900
1.10370900
-0.10054400
2.82583800
2.90923400
1.92732100

-3.46272100
-3.76816800
-3.15424700
-4.33717000
-1.81506600
-1.76109600
-0.69297500
-0.89969100
-0.60788400
0.26786600
-3.19744700
-4.01526500
-3.30204900
-3.31380600
-1.02188900
-0.38092400
0.27270700
0.78027700
0.27591700
0.79807400
-0.41093100
-0.43565100
-1.08533300
-0.47338000
-0.28717900
0.54528000
0.56388800
1.56167400
0.26626600
-1.89217000
-1.90935800
-2.17700500
-2.64504700
-1.88458800
-2.44569100
-0.95031700
-1.52838500
-0.35418100
-0.27559300
-2.87809800
-3.53804100
-3.49881700
-2.34549800
-4.61194500
-5.55533200
-4.73957700
-4.38293200
-3.49850000
-3.85569100
-4.92281800
-3.02625900
-3.80236700
-4.56355600
-3.16498600
-4.32439200
1.66272900
1.43257700
2.90662500
3.46097100
3.42530500
2.92208600
0.74728900
-0.28581900
0.74794900
1.30134700
2.73999400
2.32406100
2.09377900

3.49285400
4.37246900
3.84304800
2.84368900
-2.34086100
-2.08838000
-3.35111100
-4.29658100
-3.57407600
-2.96874500
-2.98180300
-2.30116100
-3.24187600
-3.89896600
-1.48941900
-2.73560500
-3.34429400
-4.29435300
-2.75972000
-3.24469100
-1.56216100
-1.12287100
-0.91251900
-3.44403300
-2.69373400
-4.59047100
-4.92013700
-4.29208000
-5.45732600
-4.02407000
-4.62665000
-4.67248700
-3.23774100
0.35018300
0.64068900
1.52400200
2.44007900
1.31196300
1.69900400
0.12861400
1.00083100
-0.76329200
0.00973000
0.35826000
-0.07345400
1.44550700
-0.02261700
0.06829500
-0.36328500
-0.44668600
-0.90861800
-1.66847600
-2.29133600
-2.30163600
-0.95475500
-0.10457900
3.65455600
4.11150800
3.76844300
3.77309200
5.21188900
4.41097900
4.09440100
5.47948800
4.30036500
0.91098100
-0.57154800
-0.98885800
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3.34061900 3.14671800 -1.16046000
3.54542600 1.44298100 -0.68732600
4.27246800 2.77331700 1.45410900
4.33515200 3.11860900 2.49132000
4.76048500 1.79646900 1.37541800
4.84392800 3.48121200 0.83459900
1.16482300 -1.92380000 2.34444100
-0.95334900 -2.20341100 0.19388100
1.72324300 -1.68086400 -0.82783300
-0.44048600 0.47067000 -0.72823100
-0.38738600 1.50575200 1.72534400
1.80878700 1.31270500 1.71030500
0.36515800 -0.69396800 0.50992800
2.19317300 4.13682300 1.04125400
2.22064600 4.51360500 2.06735300
2.76018500 4.83682100 0.40843300
1.15699100 4.14099400 0.69898200
3.30704500 0.72840600 4.07864400
3.24636500 -0.34585800 3.87610200
4.19323200 1.13354900 3.57935500
3.43927300 0.86689000 5.16241300
-0.57575200 2.92574200 -0.85367800
-0.95198100 4.17977900 -0.33503500
0.01760900 2.86128000 -2.11948500
-0.70795500 5.34868100 -1.06243300
-1.43601100 4.22976400 0.64020400
0.27139000 4.03327100 -2.84822800
0.27256200 1.88592500 -2.51940900
-0.08798100 5.28068900 -2.32212800
-0.99857100 6.31259900 -0.64809800
0.74210000 3.96756000 -3.82833400
0.10501000 6.19107800 -2.88676600
-2.52005000 1.63967400 -0.13528500
-3.17717500 2.00037400 -1.33086600
-3.30440000 1.36679700 0.99584800
-4.56569600 2.07706900 -1.40294500
-2.58947300 2.25682400 -2.20800100
-4.69779600 1.46184600 0.94931400
-2.82909700 1.09093600 1.93267600
-5.34083100 1.81563200 -0.25210400
-5.05578000 2.35198200 -2.33383300
-5.28911700 1.25221000 1.83669400
-6.77039900 1.87441900 -0.31140100
-7.94375400 1.90083900 -0.36113100
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Figure S181. Optimized structure of E-3crsa.
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Below are presented xyz coordinates for optimized geometry of E-3crs2:

-2.47922000 -1.44405100 1.09442700
-2.96876200 -0.81328800 2.26586900
-4.36006800 -0.65437800 2.38830200
-4.76758700 -0.20165000 3.28914700
-5.23272500 -1.05198500 1.36841100
-6.30674100 -0.91496900 1.48338700
-4.71799900 -1.58320200 0.18409400
-5.39601800 -1.84353900 -0.62749600
-3.33821100 -1.80094700 0.02799200
-2.02305400 -0.33727000 3.36530900
-1.11920200 0.04084300 2.85929600
-2.60916600 0.82641200 4.18611400
-1.85445500 1.19516400 4.88905100
-2.91792800 1.66357600 3.54747100
-3.47526200 0.50365100 4.77957700
-1.58228800 -1.47134900 4.31613600
-0.94883200 -1.05960900 5.11228900
-2.45792500 -1.94607000 4.78112400
-0.99186800 -2.22935700 3.79395200
-2.81434600 -2.39943200 -1.27371600
-1.73485700 -2.55774500 -1.16416400
-3.03132500 -1.40403900 -2.43234400
-2.70077600 -1.84656000 -3.38103800
-4.09319900 -1.14401000 -2.53285400
-2.47054500 -0.48118500 -2.25768800
-3.46978100 -3.75717700 -1.60815700
-3.32084000 -4.49255700 -0.80826300
-4.55034300 -3.64808000 -1.76921700
-3.03396000 -4.16698400 -2.52873900
2.33423000 -1.82405200 -1.40807000
1.90252700 -1.55543500 -2.73652900
2.86282400 -1.10611300 -3.65674200
2.56159300 -0.88145900 -4.67685800
4.20622500 -0.95104400 -3.29089000
492974300 -0.59049400 -4.02018600
461802700 -1.27904400 -1.99883100
5.66789300 -1.18131000 -1.72661400
3.69912100 -1.72672900 -1.03151700
0.45806700 -1.81798400 -3.16251600
-0.19231700 -1.37746400 -2.39302700
0.09293400 -1.20256900 -4.52680100
-0.97687800 -1.34748600 -4.71600500
0.29400100 -0.12750900 -4.57300300
0.63972200 -1.69404300 -5.34363200
0.16817100 -3.33808400 -3.22540700
-0.84948300 -3.50643900 -3.60086600
0.87068200 -3.83363300 -3.90884400
0.24136000 -3.81419300 -2.24374700
4.20891700 -2.12337000 0.35290100
3.37919800 -2.56006700 0.91902200
468767700 -0.90277600 1.16101800
5.05745200 -1.22222400 2.14358000
5.49693200 -0.37537500 0.63715200
3.85747500 -0.20796100 1.32981500
5.34336700 -3.16922400 0.25260800
5.59408800 -3.54245700 1.25412400
5.06002100 -4.02191400 -0.37648300
6.25333800 -2.72771400 -0.17512400
-2.01184600 -4.00539500 1.93139400
-2.74379000 -4.32848300 1.18102800
-1.57979300 -4.89892200 2.39375600
-2.55743100 -3.43004100 2.68380900
-0.91048500 -3.18455900 1.28269400
0.23383800 -3.89593900 0.87714300
0.26677600 -4.94320400 1.16670100
1.23520100 -3.48045000 -0.01635300
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2.16089400
1.60121800
2.64628300
2.94223900
-0.72087900
1.96586000
2.09208400
2.98750300
1.21413900
2.15879600
0.74152100
0.60188000
0.92222700
-0.17345900
3.12604700
3.31911000
2.38137200
4.00166400
3.75721500
4.49269600
4.49454500
4.84632500
5.22122600
1.55588600
-1.09465800
1.35143500
-0.17684600
-0.28505400
1.69840000
0.54225500
2.71512700
2.57859600
3.51048400
1.78686000
3.20301900
3.13153800
4.14523500
3.22843600
-0.01052700
-0.06316200
0.58532800
0.48614900
-0.53854000
1.15317800
0.62332800
1.10549000
0.43708900
1.64114400
1.54545500
-2.20827900
-2.74972300
-3.10008100
-4.12471400
-2.08758300
-4.47648100
-2.69210900
-5.00206500
-4.52537700
-5.14920200
-6.41392900
-7.57177000

-4.55406800
-5.47897200
-4.24290900
-4.77073800
2.12880000
2.23585600
3.75992500
4.18262400
4.29110900
3.95391700
1.74792600
0.66844700
1.96196800
2.26406400
2.70043400
1.86789200
1.70191300
2.39650000
0.89250200
2.74900600
3.41037200
1.75958700
3.15402100
-1.40927500
-1.86565900
-2.19746300
0.35295200
2.70916700
1.81397800
-0.67344400
4.14336400
4.75688200
4.59736900
4.17103300
1.50062600
0.42251200
1.86869900
1.66821600
2.66369700
4.05869900
1.85918300
4.62919500
4.68696900
2.43240400
0.78826800
3.81762000
5.70767800
1.79097800
4.26068100
2.04349500
2.14403900
1.86577900
2.06762100
2.28276500
1.82938800
1.76546200
1.91046000
2.12811400
1.71217700
1.80075700
1.69171800

-0.55407800
-0.73013300
-1.48309100
0.18609600
-0.53593300
3.27314300
3.49279400
3.02627000
3.10343400
4.57427100
4.07509600
3.96236400
5.13976200
3.76858000
0.41132200
-0.86969100
-1.40021100
-1.55226000
-0.64147200
1.12792000
2.00011800
1.43031500
0.40836600
2.66059200
1.02982200
-0.41719500
-0.54703800
1.14327400
1.40733400
0.64961100
0.06246300
0.95963600
-0.54930900
-0.51113500
3.83996900
3.66473200
3.42930800
4.92747000
-1.75780000
-1.97039400
-2.74046000
-3.12423500
-1.21874100
-3.88759600
-2.57582600
-4.08753800
-3.26487300
-4.62006200
-4.97924100
-0.76741500
-2.07066200
0.31109300
-2.28987200
-2.92051400
0.11202600
1.31304400
-1.19611900
-3.29889500
0.95535100
-1.40711100
-1.57389600
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Figure S182. Optimized structure of E-3c.
Below are presented xyz coordinates for optimized geometry of E-3c:

0.42445000 3.60122200 -1.26892400
0.20748100 2.21933400 -1.27260400
-0.55176000 1.61007100 -0.25243900
-1.09855200 2.42430600 0.76378600
-0.86052400 3.80301400 0.77954300
-0.09855800 4.39628800 -0.23822200
1.00385300 4.05681800 -2.06977300
-1.27410200 4.41314200 1.58051700
-0.79737000 0.14534700 -0.23623700
0.37840500 -1.11366000 -0.36083200
2.33654500 -0.05123700 -0.18024600
2.64704300 -0.30997200 1.70892200
1.84359100 0.83560800 2.36777600
2.18395200 -1.64719200 2.31956500
4.14825300 -0.09993700 1.99106700
2.13971400 1.81621400 1.97540600
0.76680700 0.71282900 2.19712600
2.01772400 0.82488600 3.45447600
2.70362900 -2.50759000 1.88748500
2.38496800 -1.63709000 3.40212800
1.10479400 -1.79671400 2.18193900
4.30254800 -0.01329500 3.07738800
4.74898100 -0.94669700 1.63801100
452523600 0.81772700 1.52056400
3.39697800 -1.28244300 -1.20748000
4.81065300 -0.67243200 -1.35367400
3.49831700 -2.72396600 -0.67768200
2.74288000 -1.29558400 -2.61013800
4.75977000 0.35396200 -1.73901900
5.35524600 -0.65435100 -0.40368400
5.39532100 -1.27741700 -2.06327600
2.50779100 -3.16958100 -0.52070100
4.03790100 -3.34655200 -1.40819700
4.05467500 -2.76780900 0.26622700
3.38536000 -1.85437900 -3.30689500
1.75771400 -1.78172700 -2.59685900
2.61938000 -0.27712600 -3.00339300
0.60985600 1.60175600 -2.07145800
-1.69493500 1.96444400 1.55023100
-2.21707300 -0.27116500 -0.13100200
-2.59435000 -1.47163000 0.51843700
-3.23711700 0.52563900 -0.70732500
-3.92615900 -1.87749700 0.56879400
-1.82693300 -2.07236400 1.00198200
-4.57222900 0.12960500 -0.66384600
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-2.96758700 1.45257300 -1.20770000
-4.92916800 -1.07878400 -0.02448900
-4.20352600 -2.79734700 1.07735000
-5.34440200 0.74362000 -1.12044400
0.07879100 5.47013200 -0.23271700
-6.30163500 -1.48346400 0.03598000
-7.42677900 -1.81611700 0.08437100

ZOIITTITOI

E.3.6. Reaction of 1 with 4,4’-dicyanobenzophenone leading to 3d

Figure S183. Optimized structure of 3drsi.
Below are presented xyz coordinates for optimized geometry of 3dsa:

2.73143998 -1.66339801 0.40012997
3.34842836 -2.08529310 -0.80406942
473364929 -1.87130850 -0.93956428
5.23619196 -2.21944878 -1.84075348
5.48012250 -1.24051420 0.06045770
6.55214759 -1.09639352 -0.06494882
4.83871802 -0.77791233 1.21379395
5.41729995 -0.26398552 1.97996284
3.46194058 -0.97534437 1.40621197
2.58916356 -2.79378475 -1.92184983
1.51359441 -2.68694683 -1.72291333
2.88195646 -2.14966862 -3.29269565
2.33872976 -2.68612053 -4.07977060
2.55884335 -1.10134918 -3.31224882
3.95079557 -2.19410641 -3.54046173
291744747 -4.30242513 -1.96952826
2.33735542 -4.78581677 -2.76621136
3.98516519 -4.46338426 -2.17413843
2.67383812 -4.79818001 -1.02437802
2.80115051 -0.51044577 2.70189893
1.71668721 -0.58707866 2.56175220
3.13581215 0.95900199 3.02677002
2.60440543 1.26959483 3.93566089
4.20947242 1.09941396 3.20965513
2.84066962 1.62171062 2.20812336
3.20534038 -1.41207624 3.89111250
2.91395785 -2.45473242 3.72609916
4.29262026 -1.38308572 4.04648364
2.71857548 -1.06494967 4.81212894
-2.33178272 -0.34246527 2.16337857
-2.05013938 0.80642948 2.95354043
-3.11482871 1.67416750 3.25810575
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-2.92357671
-4.41688332
-5.22216763
-4.68412148
-5.70705673
-3.66228845
-0.64608675
0.06445039
-0.41308702
0.64846524
-0.68089971
-0.98574859
-0.32767836
0.62814250
-1.10794448
-0.23860469
-4.03958329
-3.13566284
-4.59422743
-4.92020160
-5.45508723
-3.81377379
-5.07530610
-5.20620730
-4.77084149
-6.05384775
227472878
2.21145754
2.09752282
3.28392951
1.20219868
0.05343366
0.03557723
-1.03140793
-1.96279920
-1.38292179
-2.57937355
-2.62683372
0.92653779
-1.95587541
-2.03067744
-2.93685783
-1.15761283
-2.02364407
-0.67820708
-0.52403003
-0.77239695
0.19933010
-3.02018440
-3.21665651
-2.25357391
-3.67594726
-3.85647469
-4.40694781
-4.37838702
-4.87717184
-5.05613894
-1.06227766
1.36124746
-1.24814624
0.64551870
0.15524370
-1.82280192
-0.31226631
-2.37912761
-2.20376867
-3.04883647
-1.41811869

2.56549882
1.41351052
2.10856121
0.23777352
0.00987602
-0.67626313
1.06613976
0.83254033
2.52292474
2.66099452
3.25586701
2.75644831
0.13542362
0.42965763
0.21248540
-0.91027412
-2.02918889
-2.64538886
-1.93004121
-2.92041686
-1.24819644
-1.57832185
-2.74913368
-3.78463209
-2.76383947
-2.25353091
-4.09912124
-4.57418469
-4.87317434
-3.70717691
-3.03747225
-3.19100705
-4.06993531
-2.30343378
-2.67883045
-3.05764190
-1.84060858
-3.48677463
1.85520137
-1.83511294
-1.02403513
-0.41680377
-0.36599556
-1.72586153
-2.69371269
-3.28682199
-3.37695529
-2.05771345
0.81560241
1.30716110
1.37671314
2.30633252
0.63142092
0.44463896
0.15697754
-0.36381573
1.32980888
-3.36509275
-2.00645090
-1.21236200
0.76958355
0.05507565
-0.68541973
-1.17785627
1.93636852
1.62463265
2.81040821
2.23891516

3.85174674
2.81431311
3.04669141
2.10964991
1.81243607
1.79478058
3.50765980
2.70338782
3.95911489
4.19806045
3.18931522
4.86741371
4.70354087
5.15660792
5.47244394
4.39771356
1.18776060
1.12879488
-0.24463997
-0.58755794
-0.29366056
-0.92862850
2.08677693
1.74600350
3.13987599
2.03099037
1.72505428
2.70912051
0.96510774
1.57614228
1.56796210
2.34833049
2.98852720
2.52792661
3.66967204
4.51830547
4.00149206
3.33476050
-0.02670749
-3.86897254
-5.17994394
-5.26346877
-5.27724281
-6.02816098
-3.94811372
-3.04306409
-4.80628476
-4.10584899
-2.53588994
-1.09206200
-0.57459521
-1.09043788
-0.51935675
-3.10175360
-4.15739257
-2.53168067
-3.01958556
-0.58581801
0.69553322
1.76860559
0.56645455
-2.13232076
-2.33362504
-0.16123628
-3.37853265
-4.41382687
-3.38891363
-2.94484199
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-3.18262244 -2.75696642 -3.69829327
-3.08807476 -3.35225948 -2.78268378
-4.12237961 -2.19522869 -3.65505062
-3.24226388 -3.44485916 -4.55564361
-0.06209445 2.93625292 -0.24109810
0.13110502 3.91957194 -1.24139961
-1.17965812 3.03561183 0.60798250
-0.77057211 4.96970743 -1.38333656
0.96870521 3.82932869 -1.92859918
-2.07229738 4.09894887 0.49758121
-1.34651247 2.26186344 1.34827276
-1.87410437 5.07583566 -0.50116627
-0.63719989 5.71043445 -2.16745724
-2.92759472 4.16618995 1.16524596
2.34776500 2.18885834 -0.34619185
2.88032144 3.42888583 0.07279603
3.17035653 1.27684066 -1.02931662
4.21929030 3.74086098 -0.16274634
2.24922766 4.13512037 0.60821003
449579082 1.59883536 -1.31296797
2.75523540 0.33156857 -1.36176434
5.03283084 2.82592800 -0.86659072
463856573 4.68199412 0.18354410
5.12004420 0.90264558 -1.86411785
6.40767766 3.13906180 -1.12511692
7.53610307 3.38803736 -1.33248114
-2.79776321 6.16173603 -0.63513984
-3.55857710 7.04967412 -0.74501313

ZOZOIITOIOIOOOOIITIOIOIOOOOIIIO

Figure S184. Optimized structure of 3di.
Below are presented xyz coordinates for optimized geometry of 3d::

-2.89295675 -1.43938407 0.16264202
-3.34902948 -1.43866206 1.50661922
-4.65954224 -0.99448621 1.75057754
-5.04464619 -1.00326256 2.76765841
-5.47558451 -0.52627810 0.71505408
-6.48337070 -0.17459436 0.92941071
-4.98704961 -0.48951075 -0.59321892
-5.62208701 -0.10800930 -1.39146746
-3.69756145 -0.95514605 -0.90125058
-2.47519344 -1.94812596 2.64930732
-1.43508745 -1.67396602 2.40900756
-2.80817647 -1.29197415 4.00134864
-2.07330610 -1.60769233 4.75061780
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-2.78262629
-3.79832895
-2.51970403
-1.93047023
-3.55280527
-2.08582527
-3.24382514
-2.19740072
-3.31732471
-3.06282692
-4.32604408
-2.62006961
-4.08788069
-4.08815110
-5.13110398
-3.69034770
2.04326789
1.75225994
2.83431456
2.64063759
4.15819751
4.98020236
4.41902648
5.45012884
3.37534951
0.31927968
-0.32794155
0.11152878
-0.95617436
0.44974922
0.63767523
-0.11459355
-1.11040466
0.58873300
-0.16643728
3.71327128
2.77766599
4.40185501
4.63450820
5.33933095
3.73444496
4.60602277
4.70942267
4.19580762
5.61328323
-2.81703823
-3.07442955
-2.54006700
-3.69391585
-1.62167609
-0.54605942
-0.66468505
0.58193844
1.35868139
0.66494160
2.01285348
1.97665152
-0.35733092
2.15922782
2.48254068
3.46473865
1.71933225
247219641
0.82474113
0.47430389
0.99867498
0.04287221
3.49350497

-0.19692072
-1.59530753
-3.48467077
-3.79877108
-3.83476113
-3.96849702
-1.00240076
-1.32872617
0.37726212
0.28228737
0.80552821
1.07658131
-2.01673116
-3.00962413
-1.68036088
-2.10834277
-1.10975135
-0.06847090
0.63950447
1.45294642
0.30500401
0.87204785
-0.77858677
-1.06336782
-1.51203264
0.19422949
0.11647989
1.58373309
1.73443078
2.39710906
1.67271518
-0.88196431
-0.64397970
-0.91878966
-1.87755893
-2.73746256
-3.24018098
-2.36182638
-3.26658394
-1.81769538
-1.73648879
-3.72872169
-4.66463545
-3.96217028
-3.31666113
-4.17514668
-4.60505143
-5.00703621
-3.67761427
-3.24589449
-3.71280417
-4.71155740
-2.99871287
-3.69151745
-4.16148920
-3.00458323
-4.48687834
1.58246980
-0.79203984
0.32316119
0.77873891
1.11104263
-0.11789097
-1.41570713
-2.20487106
-1.85487553
-0.65478786
1.17857216

3.94016996
4.36758321
2.78295019
3.65409441
2.91428934
1.90444604
-2.35987185
-2.38037526
-3.04145651
-4.10491820
-2.97584844
-2.57568336
-3.16729378
-2.70655882
-3.23809633
-4.18689240
-2.15260143
-3.07451505
-3.62567191
-4.32153789
-3.31450391
-3.74821782
-2.47332333
-2.26712203
-1.88029109
-3.54183368
-2.66043090
-4.17487768
-4.37495439
-3.52324077
-5.13549717
-4.56741361
-4.96337658
-5.41028728
-4.11693258
-1.03068702
-0.76077680
0.29346878
0.86970972
0.11104149
0.89634527
-1.81435111
-1.24951191
-2.80390876
-1.96164340
-0.62933888
-1.60319534
0.03268546
-0.21006432
-0.75039892
-1.51366194
-1.92841505
-1.97774277
-3.08545850
-3.79114703
-3.62697265
-2.64829494
0.47984219
3.79761647
4.81601415
4.66872425
4.78278559
5.82404676
4.26517546
3.59727866
5.25941807
4.36836017
1.75715698
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3.68798586
2.74301781
4.23929519
4.25973332
4.83932297
4.86616911
5.11101676
5.61462352
0.79682452
-1.61177001
0.94755022
-0.15223001
0.01139838
2.04967284
0.14369517
3.16572188
3.04676851
3.99249357
2.25186021
3.23398769
2.95665000
4.22680609
3.29881201
0.44188858
0.29980449
1.24220071
0.97035173
-0.33638612
1.92808974
1.33175450
1.80029927
0.86520855
2.55989276
-1.83828195
-2.27456617
-2.74319252
-3.58402534
-1.57039550
-4.05847736
-2.41886392
-4.49065974
-3.91474208
-4.75440726
-5.85276279
-6.97630299
2.50718057
3.09124311

1.24734875
1.24917596
2.16066595
0.38463553
0.68898078
0.68486911
-0.30649591
1.38960060
-3.14608887
-2.02341955
-1.79284881
0.55110490
0.73818378
-0.09051130
-1.12448898
2.56419610
2.53389001
3.25174598
2.97575389
-1.90187274
-2.70939691
-1.53215056
-2.31937335
2.83397746
3.97798712
2.90593681
5.15850027
3.93086395
4.08064188
2.02553589
5.21592877
6.03710421
4.12405733
2.01626314
2.69350190
1.82789877
3.15357876
2.86965222
2.29071136
1.32051040
2.94917450
3.66575303
2.13296732
3.37653099
3.70333410
6.42059523
7.40556610

0.22663503
-0.31878851
-0.03861495
-0.12418757
2.34199169
3.43544160
1.97700498
1.99635829
1.35325975
-0.16226583
-1.50492192
-0.49319449
2.18152345
1.98823221
0.33581374
2.34106115
3.42854718
2.10583414
1.91084331
3.80916981
3.12250056
3.53640523
4.82524672
0.15980440
0.97305065
-0.98697646
0.66355822
1.85565428
-1.30792126
-1.61566745
-0.48214521
1.29508090
-2.19216280
0.42537918
-0.73131956
1.47854757
-0.84551301
-1.54176183
1.38535719
2.38356629
0.21807530
-1.74570315
2.20453802
0.10035558
-0.00078622
-0.80072399
-1.06187281
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Figure S185. Optimized structure of 3drs:.
Below are presented xyz coordinates for optimized geometry of 3dsz:
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-3.07767330
-3.62788530
-4.92334143
-5.38415180
-5.62852036
-6.62958320
-5.02597874
-5.55718593
-3.74881127
-2.85180030
-1.79416823
-3.28489491
-2.63099559
-3.22630677
-4.31112961
-2.93040838
-2.40042479
-3.97716120
-2.45515811
-3.12858997
-2.17326181
-2.83452491
-2.42959458
-3.74969696
-2.11155481
-4.01905771
-4.23219327
-4.97811611
-3.51625898
1.89858357
1.84519414
3.06303547
3.05622889
4.29072770
5.22119286
4.31758094
5.27394797
3.12932737
0.50801315
-0.15928459
0.61416258
-0.39033125
1.08778020

-0.99077479
-1.33013572
-0.86904982
-1.13855256
-0.05722995
0.29101494
0.34154406
1.01478292
-0.12408693
-2.17979866
-1.87880783
-1.92090398
-2.47595188
-0.85710045
-2.26760715
-3.69226972
-4.25213196
-4.02712805
-3.93998292
0.32308098
-0.20136527
1.83685115
2.17728656
2.40850063
2.06301767
-0.00820408
-1.08154064
0.52358020
0.29871820
-0.92451582
0.36304228
0.99639849
1.98377223
0.37582225
0.89272967
-0.91190246
-1.40042309
-1.59393160
1.00029309
0.89547798
2.49399635
2.90112993
3.08880314

-0.24535521
1.01631124
1.30813470
2.25548506
0.41185371
0.66086758

-0.78299489

-1.45431936

-1.14036709
2.01911607
1.93340204
3.47412004
4.15520584
3.73675067
3.65554616
1.71783379
2.49901135
1.70215211
0.76464162

-2.46024494
-2.58159208

-2.41190363

-3.37367113

-2.20971635

-1.62270459

-3.67767000
-3.74976012

-3.62544882

-4.60404586

-2.42817260

-3.03095150
-3.32596528
-3.78112676
-3.05980535

-3.28806866

-2.52366173

-2.34340442

-2.20143845

-3.40982132

-2.54186031

-3.77214196
-3.93432422
-2.98438198
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1.18055791
-0.13872397
-1.05796383

0.54605387
-0.40602215

3.21236965

2.19718132

3.80692509

3.86278394

4.81800746

3.16954212

4.03356128

3.96081012

3.68087556

5.09578591
-3.47271937
-3.99842685
-4.08643305
-3.39404838
-2.08580440
-1.10120403
-1.39902736

0.14090971

0.85532281

0.12964395

1.59138795

1.37797482
-0.15384411

1.58037467

2.03872673

3.09157530

1.43113565

1.91524605

0.12700890
-0.25457335

0.11739749
-0.53591004

3.41975882
3.67311659

2.85008070

4.58314610

3.81750190
4.56288416

4.54130943

4.57764354

5.50963679

0.39742808
-1.86755749

0.66329541
-0.09628843
0.05669221
1.63056724
0.05846940
3.47545829

3.31393987

4.47038966

2.72585413
2.43493078

2.13516088

3.50628298

2.25980712
0.91779306

1.27188102

1.50375640
2.20356859

0.80912659
2.45240026

1.22719631

2.63864885
0.25870746
0.77579202
0.24690509
-0.77215680
-3.02412948
-3.42827133
-3.07975755
-4.12013253
-2.65006504
-2.53212224
-3.92503655
-4.97134935
-3.85554357
-3.64691391
-3.26173734
-3.31090895
-2.64997900
-4.26617387
-2.66129442
-3.14700573
-3.98277119
-2.56675783
-3.09165563
-3.31489953
-2.37663998
-4.02461093
1.72068586
-1.92981212
-1.24706260
-0.94862616
-0.35971699
-1.96004142
-2.40497554
-2.90404289
-3.13054934
-1.57427573
0.08016345
0.47574171
1.05206238
1.09095061
-0.40921419
-0.87270513
-1.13225212
-1.79231242
-0.34346590
-3.46050239
-1.64424329
-1.56021491
0.51399339
0.67854616
-0.70312523
-1.21118698
1.31876410
1.05672419
1.78132280
2.06138678
-3.18700234
-3.65880533
-2.97911626
-3.90775300
2.70010054
3.70050184
2.73696937
4.68747636
3.68722700
3.70875393
1.97359267

-4.70240129
-4.60588361
-4.90978933
-5.46426600
-4.35772416
-1.67041751
-1.59449414
-0.25049962
0.09387134
-0.22852443
0.45262760
-2.62199286
-2.29795324
-3.65820548
-2.61262796
-1.72153850
-0.76441593
-2.39401816
-2.15000616
-1.57213957
-2.45209458
-3.08010395
-2.76109309
-3.99053222
-4.77991780
-4.36786121
-3.74216303
1.37081421
3.69494135
5.00294204
4.97945706
5.22217396
5.83229456
3.89951090
3.00339767
4.72721532
4.16039354
2.16826568
0.70145122
0.27929726
0.63664730
0.07650000
2.57912202
3.64210100
1.98774914
2.39010323
0.51377651
-0.70215882
-2.02998469
-0.04322837
2.85707083
2.20427757
-0.12922015
3.08255554
4.13373636
2.99005203
2.80302957
3.40897000
2.46783485
3.38059386
4.22195616
0.95572850
1.88949353
-0.31916689
1.57053665
2.87447099
-0.64723794
-1.03695609
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2.81281454 4.69237464 0.29538875
247225420 5.44724634 2.30019387
2.92459201 3.70351133 -1.62664078
-1.52389346 2.33670941 1.25994980
-1.72895800 3.53830811 0.54168599
-2.64064616 1.72615086 1.86842814
-2.99701859 4.10851423 0.43369103
-0.88968796 4.03179476 0.05982134
-3.90423063 2.30389958 1.80157981
-2.49670155 0.79079365 2.40202669
-4.09809901 3.49342600 1.06556469
-3.14266611 5.02282206 -0.13631886
-4.74941960 1.83078043 2.29068613
-5.41221226 4.04737885 0.93726077
-6.49639131 4.48443652 0.82136109
3.79191398 5.68387534 -0.03844505
459667548 6.49267893 -0.31661433

ZO0ZOITOIOITOOOOIIO

Figure S186. Optimized structure of 3d.
Below are presented xyz coordinates for optimized geometry of 3d:

0.83046700 -0.21403700 -0.22837900
2.26553700 -0.57308900 -0.13155800
2.69049700 -1.77126200 0.49205600
1.94849900 -2.41332600 0.96193700
4.03755400 -2.12343500 0.53466700
4.35197300 -3.04205200 1.02332300
5.00731600 -1.27179800 -0.04012500
4.60237000 -0.06538100 -0.65339300
5.34886700 0.58923200 -1.09583100
3.25209200 0.27666600 -0.69012300
2.94747400 1.20191600 -1.17348100
6.39502700 -1.62233700 0.01277700
0.52439200 1.23928700 -0.21928200
1.01922400 2.05397200 0.82320700
1.62564600 1.60557300 1.60764100
0.72176200 3.41554300 0.87326300
1.09007900 4.03251600 1.68886600
-0.05954400 3.99905900 -0.14809300
-0.53238600 3.20098600 -1.21274500
-1.12034200 3.65619300 -2.00543100
-0.24765600 1.83643200 -1.23800800
-0.61033100 1.22130500 -2.05671200
-0.36233800 5.39910600 -0.10962900
-3.31386500 -1.72867900 -1.23328800

OOITIOITOOIOITIOOOIOITIOOIOITOOO
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-2.64558300 -1.69643700 -2.62893800
-2.54339200 -0.66751100 -3.00049700
-1.64919000 -2.15978600 -2.61632500
-3.26704300 -2.25576700 -3.34371700
-4.73900900 -1.14575100 -1.37897900
-4.70778700 -0.11043600 -1.74165000
-5.30375100 -1.74766000 -2.10674100
-5.29193200 -1.16069900 -0.43387700
-3.38751400 -3.18305700 -0.73493700
-3.95070400 -3.25978700 0.20266100
-3.90732600 -3.80059700 -1.48349300
-2.38906800 -3.61122900 -0.57941200
-2.60634400 -0.80034800 1.71089000
-4.11372100 -0.62729500 1.98591900
-4.50661400 0.29265900 1.53353500
-4.69424300 -1.47824600 1.61037200
-4.27666800 -0.56788800 3.07257400
-2.11852500 -2.14048700 2.29545900
-1.03513500 -2.26412900 2.16404600
-2.32786300 -2.15856000 3.37610400
-2.61614400 -3.00207300 1.84072700
-1.83178900 0.34764500 2.39941200
-2.14522900 1.33007700 2.02541200
-2.01470700 0.31152800 3.48381800
-0.75098600 0.24835300 2.23730200
7.53225600 -1.91111900 0.05514500
-0.61198300 6.54577800 -0.07711700
-0.30661100 -1.50667100 -0.35775000
-2.29164000 -0.49760000 -0.17014300

VU ZZIITIIOIIIOIIITOOIIIOIIIOIIIO

E.3.7. Reaction of 1 with 4,4’-dimethoxybenzophenone leading to 3e

Figure S187. Optimized structure of 3ers:.
Below are presented xyz coordinates for optimized geometry of 3ers::

2.74840109 -1.81396357 0.29003696
3.37723933 -2.17377388 -0.92864729
4.76660759 -1.97340603 -1.03363276
5.27548132 -2.27066132 -1.94968208
5.50744931 -1.41333540 0.01170660
6.58251882 -1.27438282 -0.09290415
4.85641621 -1.00869289 1.18126894
5.42978926 -0.54540025 1.98310538
3.47454028 -1.19547948 1.34231053
2.61851716 -2.78550362 -2.10306671
1.54345624 -2.69436091 -1.89659764
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2.91658566
2.36746311
2.60284988
3.98572365
2.94433149
2.36487770
4.01233679
2.69771162
2.79571235
1.71395916
3.14790238
2.57284031
4.21344353
2.91583064
3.15853040
2.83031214
4.24520239
2.67677640
-2.37713544
-2.11068391
-3.18142165
-2.99949155
-4.47574538
-5.28414153
-4.73025379
-5.74810904
-3.70262764
-0.71430671
0.00356043
-0.50263227
0.55473863
-0.76657008
-1.08917277
-0.39021653
0.55561659
-1.17868116
-0.27634272
-4.06880143
-3.15992755
-4.61455613
-4.93243893
-5.47829114
-3.82884428
-5.10750624
-5.23318532
-4.80970758
-6.08734422
2.26282913
2.12053783
2.18188940
3.27258457
1.18437067
0.01884027
-0.00885127
-1.07681185
-2.02212712
-1.45294445
-2.64801945
-2.67703647
0.75959992
-1.94105148
-2.02377604
-2.93411314
-1.15473981
-2.01216636
-0.66547359
-0.49605974
-0.77796792

-2.02883472
-2.49207090
-0.98007933
-2.06177494
-4.28473863
-4.69460769
-4.42950341
-4.86282342
-0.78567938
-0.83496718
0.66117243
0.95105401
0.76393076
1.36092417
-1.75457866
-2.77714390
-1.77141090
-1.43422247
-0.63181275
0.41242354
1.23669942
2.04955249
1.03734771
1.70232880
-0.04320203
-0.23286738
-0.91488841
0.61182910
0.49294338
2.00220124
2.11729826
2.82422626
2.11431462
-0.45677990
-0.20341564
-0.49231086
-1.45333081
-2.18959165
-2.78865659
-1.92278463
-2.86530912
-1.24292726
-1.48697512
-3.01395334
-4.00236819
-3.15298017
-2.51703202
-4.31070261
-4.91516356
-4.97457688
-3.89109372
-3.24670166
-3.47018647
-4.40397821
-2.60654471
-3.10594992
-3.57252580
-2.31136647
-3.87511352
1.66777772
-1.55854549
-0.65260540
-0.04745331
0.01615291
-1.29110964
-2.40873555
-3.06845589
-3.02364507

-3.41464043
-4.24345798
-3.34634880
-3.66469215
-2.28264099
-3.12016796
-2.49885964
-1.38612043
2.64614311
247827873
3.04632901
3.93574014
3.29430732
2.23774411
3.79482699
3.57891446
3.95861513
4.72807396
2.13561531
3.06528855
3.45721271
4.15706031
2.96262118
3.26312778
2.11538492
1.77568810
1.71224378
3.66490042
2.84273455
4.30004983
456924743
3.62465927
5.22302711
4.73724326
5.23460770
5.50128798
4.30289209
0.95034747
0.82550896
-0.46260663
-0.92703070
-0.43588941
-1.08923290
1.75072783
1.28881651
2.79667603
1.74784196
1.43123586
2.33253844
0.55969398
1.43497586
1.32470758
2.05885084
2.61566856
2.30046115
3.38443296
4.19592363
3.79679635
2.95335295
0.07852699
-3.96313221
-5.21032709
-5.25015207
-5.25813137
-6.10746404
-4.12804883
-3.27406568
-5.03488242
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0.21074930
-3.00247502
-3.19737664
-2.23515558
-3.65943538
-3.83109075
-4.39315541
-4.36990599
-4.87073175
-5.03445297
-1.03418934

1.36873927
-1.29025649

0.47741772
0.21082772
-1.81327151
-0.24797292
-2.36158696
-2.22579059
-3.01105852
-1.38137846
-3.16603509
-3.06229479
-4.10539321
-3.23304087
-0.19270965
-0.06350068
-1.22826917
-0.92910027

0.69843590
-2.07814595
-1.36573223
-1.93579804
-0.82523905
-2.87340880

2.17126891

2.68404285

3.04554348

4.02396700

2.03771619

4.36340214

2.66940986

4.86748447

4.38932291

5.02220066
-2.83142229

6.18831737
-2.74132036
-2.90120529
-3.53881216
-1.76701172

6.74511892

6.68811519

7.78992181

6.22919731

-1.76329489
1.00275241
1.41071584
1.45450088
2.40688067
0.69838766
0.67401982
0.44371621

-0.15947332
1.55950875

-3.31475882

-2.14998447

-1.44955806
0.57082440

0.16398563

-0.51225399

-1.14892050
2.16734345
1.92823955
3.05430325
2.41793856

-2.49143282

-3.15732097

-1.93525895

-3.10859857
2.78898659
3.82141680
2.88468881
491556873
3.73818791
3.98293528
2.07046248
5.00521036
5.67704774
4.05259738
2.01284960
3.24592104
1.14804316
3.60009449
3.92253203
1.50702338
0.20644381
2.72737376
4.54228853
0.84977630
6.03524605
2.97323811
7.09044532
6.70192240
7.78923778
7.59481419
4.20631850
4.26133533
4.19374041
5.06870666

-4.25411913
-2.48224399
-1.01126711
-0.49336976
-0.94713353
-0.47527537
-3.06594257
-4.13577304
-2.54033179
-2.93338730
-0.87030428
0.54230516
1.65504837
0.71541076
-2.20639249
-2.34506299
-0.26133781
-3.26085726
-4.32127146
-3.18606081
-2.83908961
-3.85664526
-2.99222775
-3.75990460
-4.76618237
0.03798586
-0.91719826
0.99120522
-0.91826366
-1.68903494
1.02560992
1.69188949
0.06715034
-1.68587210
1.76390246
-0.24872038
0.21184814
-0.94014043
0.01628049
0.76633196
-1.18630366
-1.32193619
-0.69456546
0.41493488
-1.74561459
0.15916389
-0.96064423
-0.81214064
-1.82725417
-0.55106162
-0.75256595
-0.48076903
0.61543736
-0.79855990
-0.92565803
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Figure S188. Optimized structure of 3er.

Below are presented xyz coordinates for optimized geometry of 3e::
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-2.19084190
-2.87045996
-4.27177442
-4.82038817
-4.97116043
-6.05469569
-4.27730317
-4.83047984
-2.88043500
-2.14358941
-1.10080417
-2.11808535
-1.61420742
-1.57054836
-3.13905009
-2.76796037
-2.13641245
-3.76484752
-2.87419596
-2.14087786
-1.07295757
-2.54790470
-2.02643069
-3.62634631
-2.27873057
-2.34421008
-1.99383419
-3.40773130
-1.78756501
2.89088823
258713701
3.60957640
3.39866957
4.89894458
5.67124300
5.19242894
6.20375978
4.20852726
1.21949179
0.45539026
0.96385995
-0.09236739
1.20006755
1.56373705

-2.33427757
-2.74803015
-2.63541682
-2.94669108
-2.12498570
-2.02786631
-1.72705119
-1.34128336
-1.83339271
-3.35226453
-3.53011896
-2.37972705
-2.84793400
-1.46457983
-2.10923341
-4.69832571
-5.17308867
-4.55301676
-5.39142280
-1.56057391
-1.49463458
-0.24202781
-0.14460495
-0.19728996
0.60966043
-2.74891495
-3.69080517
-2.86618480
-2.57950941
-0.70517518
0.21035650
1.06562400
1.78419501
1.00694215
1.68762669
0.05804297
-0.00951926
-0.82450297
0.20891118
0.15953122
1.46237576
1.49583296
2.39229389
1.43843959

-0.18158541
0.98911442
1.00398499
1.89187152

-0.09253242
-0.05062181

-1.24082807
-2.09561492

-1.31489709
2.18730415
1.89711399
3.38497349
4.24087716
3.13125181
3.69058464
2.61966901
3.38201896
3.05760348
1.77555416

-2.62224471
-2.38483368

-3.30147309

-4.26293839

-3.50436753

-2.67259599

-3.59248712

-3.15447748

-3.84262140

-4.52397735

-1.71966230

-2.76060781
-3.20744830
-3.99545275
-2.66730541
-3.02169593
-1.68584224
-1.28707494
-1.20481700
-3.44259167
-2.65369139
-4.30376074

-4.59770232

-3.77374769

-5.22450835
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1.05236209
0.11826265
1.88442109
1.01021774
4.61285585
3.76116632
493801870
5.17978699
5.79485647
4.06712543
5.82060447
5.98883776
5.67385878
6.73704474
-1.22922047
-0.84542064
-1.26739227
-2.25417601
-0.32078896
0.95944965
1.20496877
1.90131920
2.98455077
2.52262656
3.54953451
3.68285155
-1.00003801
211272341
2.05514228
2.89161634
1.11310220
2.09977215
1.01541142
0.90277765
1.31925586
0.04576084
2.77250148
2.82989650
1.84669405
3.20918745
3.49928719
4.23294910
4.31310359
4.77073805
4.74300301
1.42372898
-0.76039148
1.84987104
-0.42487467
-0.34312322
1.85827947
0.48160159
2.06928892
2.11824728
2.56967286
1.02137024
3.46779621
3.45560636
4.31319430
3.63102174
-0.67887017
-1.07881305
-0.13306308
-0.90425703
-1.53614364
0.05390563
0.14291435
-0.32426083

-1.03761736
-0.96089147
-1.10711967
-1.96351092
-1.89096944
-2.56122789
-1.25784851
-2.03265290
-0.57355796
-0.70081415
-2.72280477
-3.57002597
-3.11241172
-2.11737605
-4.91285435
-5.69157752
-5.31772754
-4.65842495
-3.70136784
-3.85809876
-4.85627679
-2.85826890
-3.35273400
-3.95807391
-2.54045217
-3.99950395
1.31503603
0.32528996
1.63261740
2.30679616
2.16550173
1.36932068
-0.59745366
-1.52322698
-0.85278330
-0.09023259
2.33331367
2.31824680
2.15776026
3.28490642
1.52877371
2.31664806
2.38854966
1.42446081
3.19339146
-2.64079474
-2.50782652
-1.57741692
0.33815345
0.74000644
0.69039063
-1.03723538
3.60940369
3.71780403
4.48090676
3.63054751
-0.38396086
-1.37290617
0.18666530
-0.51788544
2.73473345
3.81303179
3.01081132
5.13793397
3.61388602
4.32550851
2.17650615
5.39646250

-4.34672888
-4.91826895
-5.06046465
-3.76617654
-0.18993101
-0.02659478
1.17140103
1.91008992
1.09303851
1.52890062
-0.68111165
-0.00309083
-1.69529292
-0.68808869
-0.74918085
-1.41506365
0.27080477
-1.03763840
-0.76551235
-1.29938245
-1.65356550
-1.63638076
-2.58711649
-3.37534480
-3.04758279
-2.04095815
0.37371401
3.89104287
4.70908858
4.50296826
4.52966753
5.77691558
4.47232685
3.90489917
5.49952505
4.52654235
1.56042873
0.01966778
-0.42573858
-0.34330196
-0.33093248
2.06619659
3.15599026
1.72952801
1.63839132
1.79794231
-0.30685656
-1.22100776
-0.53558041
2.09156615
1.98469332
0.34938776
2.05580933
3.14290771
1.60547527
1.75166325
4.09517768
3.62545318
3.69716857
5.17548742
-0.05828090
0.74683760
-1.31941863
0.32889071
1.71576042
-1.75482507
-1.95461505
-0.92794065
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-1.21579021 5.94781451 0.98287502

0.48718111 4.54088484 -2.72939324
-2.54361617 1.21083430 0.38245970
-3.27471592 1.83446653 -0.64431846
-3.27408835 0.60261306 1.41954462
-4.67439095 1.83747622 -0.66388297
-2.74588009 2.35683513 -1.43788649
-4.66891017 0.62295404 1.43703107
-2.75242406 0.11673227 2.23939711
-5.37791833 1.22875994 0.38886829
-5.19268282 2.32511375 -1.48525615
-5.22252348 0.15153000 2.24531767
-0.09435345 6.65719372 -1.43323407
-6.75136355 1.16717525 0.47681041
-0.46745539 7.77096666 -0.61289664

0.08402830 7.76296497 0.33857658
-0.19797036 8.65902593 -1.18952224
-1.54899449 7.77067796 -0.41363582
-7.50254540 1.78081902 -0.57743734
-7.28063225 1.30996794 -1.54644939
-8.55186477 1.61945322 -0.31905451
-7.29450335 2.85901558 -0.63510695
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Figure S189. Optimized structure of 3ers:.

Below are presented xyz coordinates for optimized geometry of 3ers2:

-2.04453318 -2.36940073 -0.43136161
-2.71122661 -2.98880102 0.65306470
-4.11667898 -3.01855539 0.62563243
-4.65225343 -3.50047851 1.44250188
-4.83803586 -2.44304665 -0.42433250
-5.92639995 -2.47052572 -0.41948592
-4.15807011 -1.81057527 -1.46971093
-4.72344020 -1.36018077 -2.28442532
-2.75520154 -1.76983606 -1.50040007
-1.95941905 -3.63896833 1.81056267
-0.89925449 -3.70634087 1.53439518
-2.05086308 -2.75869104 3.07457733
-1.52892914 -3.24020248 3.91181461
-1.58847524 -1.77841300 2.90542903
-3.10079025 -2.60793071 3.36514845
-2.47556664 -5.05956208 2.13140754
-1.81401554 -5.53568060 2.86664220
-3.48464217 -5.02891151 2.56459024
-2.51729719 -5.69874605 1.23998954
-2.02504380 -1.22605415 -2.72476203
-0.96358210 -1.14600615 -2.46339653
-2.51052248 0.17260303 -3.14311396
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-1.95633626 0.51015067 -4.02933905
-3.57875169 0.17568683 -3.39904415
-2.35206877 0.89154965 -2.33470576
-2.15667197 -2.22311602 -3.90019133
-1.72977420 -3.20045951 -3.64481669
-3.21268476 -2.37204215 -4.16451432
-1.63107788 -1.84464097 -4.78661366
2.95326440 -0.47378421 -1.79351830
2.62505130 0.58310752 -2.68297745
3.60542914 1.55587802 -2.93869009
3.37803037 2.38342208 -3.60528872
487466236 1.48235483 -2.35287294
5.61293784 2.25648015 -2.55547115
5.19428751 0.40795969 -1.52116620
6.18984357 0.34087876 -1.08512257
4.25295117 -0.59651011 -1.23287593
1.27092929 0.62494178 -3.38525361
0.50343323 0.44324642 -2.61821049
0.98360710 1.97708542 -4.06273874
-0.06537841 2.01572421 -4.38114119
1.16943817 2.81979879 -3.38908009
1.60666026 2.11192704 -4.95810409
1.15547014 -0.49288017 -4.44973075
0.22132006 -0.37187711 -5.01321789
1.99159660 -0.43304491 -5.15949741
1.14565239 -1.49017781 -4.00080624
467477976 -1.77558924 -0.36100129
3.86165562 -2.50953696 -0.34393353
4.88758628 -1.33249251 1.09549394
5.13064138 -2.19558195 1.72770628
5.70625970 -0.60284191 1.16947157
3.96933660 -0.88179348 1.48294215
5.95286040 -2.45761378 -0.90065534
6.14891490 -3.37800818 -0.33518263
5.86786101 -2.71328251 -1.96378674
6.82829252 -1.80444675 -0.78522180
-1.08580690 -4.79176667 -1.32460141
-0.63612539 -5.53632629 -1.98790295
-1.25191148 -5.25263141 -0.34342422
-2.06796596 -4.50491440 -1.71576977
-0.16817069 -3.59325616 -1.17467123
1.10437931 -3.70683431 -1.76127672
1.32777769 -4.66478823 -2.22334072
2.04107878 -2.69054348 -2.00481084
3.15248969 -3.03485515 -2.98080239
2.74451053 -3.62507049 -3.80872644
3.63892769 -2.14236636 -3.38207715
3.91292505 -3.64619182 -2.47864245
-1.19134077 1.47850775 0.84440127
1.83357597 -0.13141837 4.04018136
1.80588881 1.00413657 5.08753348
2.64366395 1.70060308 4.97550218
0.86741468 1.57038015 5.03796088
1.88325615 0.55322985 6.08881601
0.74889525 -1.15928140 4.43193409
0.65668901 -1.94700982 3.67955773
1.05232627 -1.62253242 5.38388678
-0.22931882 -0.68839592 4.57557082
2.57823518 2.13030530 1.99880361
2.62611224 2.31377020 0.46947123
1.62801707 2.37504980 0.03150915
3.16168021 3.24414728 0.22737325
3.16155782 1.48270265 -0.00134963
4.03097741 1.96841466 2.49083913
410425338 1.90023115 3.58135250
452558484 1.10113325 2.04557832
458957598 2.86452621 2.17791167
1.69683814 -2.77852443 1.44837875
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-0.60592369
1.94633097
-0.22936011
-0.66284688
1.46871950
0.73398500
1.97074324
2.01664169
2.54094448
0.92864292
3.19132553
3.17854445
4.03598602
3.35513409
-0.79159602
-0.98090187
-0.42539950
-0.77628710
-1.30505573
-0.21238589
-0.30097957
-0.37916001
-0.92681202
0.07891451
-2.65513932
-3.40980596
-3.36061342
-4.79333307
-2.91818636
-4.73984173
-2.80731808
-5.46640050
-5.32734461
-5.27175462
-0.13652452
-6.81888178
-0.29479049
0.39401824
-0.05125879
-1.32992474
-7.59163765
-7.25928421
-8.62147158
-7.52475999
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-2.46833749
-1.45757910
0.35421893
0.95369913
0.55493186
-1.04305160
3.37686723
3.32182134
4.26219051
3.51771495
-0.86553867
-1.74360295
-0.22851226
-1.20764571
2.82654760
3.95082554
3.04637527
5.25446446
3.79762964
4.33633429
2.18659402
5.44875846
6.09309056
4.50814700
1.22404666
2.01817697
0.25847478
1.86287486
2.78983180
0.13011990
-0.37978967
0.91971413
2.49103924
-0.60054984
6.67683016
0.68663210
7.83076280
7.79440812
8.68497399
7.91777395
1.46419166
1.28975553
1.12081095
2.53577255

-0.56714973
-1.46269132
-0.25509537
2.53395542
2.26749611
0.13749350
2.66643762
3.75875804
2.34335937
2.37441077
4.09117338
3.43847109
3.81545602
5.12473140
0.29547155
1.11716028
-1.04592749
0.64363080
2.14545666
-1.53397557
-1.69522467
-0.68960580
1.31799233
-2.56745275
0.61303913
-0.27780241
1.37067649
-0.41963561
-0.86350229
1.28466942
2.05189428
0.37469678
-1.12752916
1.88746339
-1.26139625
0.32960758
-0.42597879
0.43032735
-1.06203914
-0.06527411
-0.59524303
-1.62867772
-0.47301819
-0.35995335

Figure S190. Optimized structure of 3e.

207



Below are presented xyz coordinates for optimized geometry of 3e:

0.67517900 -0.34372500 -0.26478100
2.07967800 -0.77813600 -0.10231900
242059100 -1.97881400 0.57283800
1.62771900 -2.56025500 1.03954900
3.73992000 -2.40708800 0.67220800
3.99835700 -3.31967300 1.20420400
477442100 -1.64035200 0.09987200
4.46911500 -0.43753200 -0.56384000
5.24932900 0.16938600 -1.01483100
3.13744200 -0.01834700 -0.65171900
2.90738200 0.90463500 -1.17958400
7.12801600 -1.38188800 -0.29460300
7.02604600 -1.28583000 -1.38458000
8.02836800 -1.95148000 -0.05472200
7.18277100 -0.38476500 0.16435600
0.44554000 1.11804400 -0.31665600
1.01636900 1.96167300 0.65726600
1.63121300 1.52444800 1.44216000
0.78653500 3.34329700 0.66040500
1.22449800 3.95568300 1.44373400
-0.00435100 3.91126900 -0.35445800
-0.55480300 3.09095200 -1.35840200
-1.14717400 3.55203500 -2.14506200
-0.34140600 1.71650000 -1.32829100
-0.76675400 1.08679100 -2.10530800
0.25643400 6.12251200 0.54097500
-0.11585300 5.85433600 1.53983200
-0.08990800 7.12283900 0.27214400
1.35530900 6.09327700 0.53342100
-3.57325000 -1.65618100 -1.20112500
-2.95354300 -1.64574200 -2.61918100
-3.62604100 -2.16966800 -3.31534400
-1.97915200 -2.15169300 -2.64090400
-2.81636900 -0.61913300 -2.98625700
-4.97549300 -1.01137400 -1.29791700
-5.59054000 -1.58198800 -2.01090900
-4.90891400 0.02462000 -1.65435600
-5.49811200 -1.00818400 -0.33540200
-3.69714500 -3.10983500 -0.71024700
-4.23797400 -3.16726700 0.24209300
-2.71337000 -3.57885100 -0.58222700
-4.26279900 -3.70122200 -1.44759800
-2.75200700 -0.77748200 1.72279600
-2.33405200 -2.14440900 2.29872700
-1.27113300 -2.34657100 2.11284900
-2.91506500 -2.97034300 1.87691100
-2.49210800 -2.14026100 3.38886400
-1.88857100 0.31939800 2.39001900
-2.03927200 0.29109600 3.48029500
-2.15396100 1.31948400 2.02498000
-0.82177600 0.15712600 2.19020600
-4.23686100 -0.51129800 2.04080500
-4.36797600 -0.43846500 3.13156400
-4.87819500 -1.32666400 1.68444900
-4.58507700 0.42895400 1.59280000
6.04188100 -2.14073300 0.25673800
-0.28720800 5.25120300 -0.46001400
-0.52429700 -1.58908800 -0.39861900
-2.45552900 -0.48523200 -0.16373800
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E.3.8. Reaction of 1 with tert-butyl phenyl ketone leading to Z-3f
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Figure S191. Optimized structure of Z-3frsi.
Below are presented xyz coordinates for optimized geometry of Z-3f rsu:

-2.63003400 -2.22985400 -0.16124500
-2.02580300 -3.50164100 0.00713400
-2.68534000 -4.44397000 0.81394900
-2.24011900 -5.42518600 0.95740700
-3.89853800 -4.14569500 1.44316800
-4.39082100 -4.89333800 2.06300200
-4.46641600 -2.87979000 1.28313000
-5.39865000 -2.63994800 1.79299100
-3.84962100 -1.90055400 0.48542800
-0.70164500 -3.84011400 -0.66223300
-0.06933400 -2.93322900 -0.60108400
0.06637200 -4.95857900 0.06420800
1.06755000 -5.05782100 -0.36680900
0.17592300 -4.73785300 1.13348300
-0.43608800 -5.93027200 -0.04231600
-0.87914600 -4.18417400 -2.15685600
0.08792100 -4.46077700 -2.59441400
-1.57234300 -5.02836000 -2.27914700
-1.25935100 -3.32626300 -2.72090200
-4.47483100 -0.50873200 0.41994500
-3.92876300 0.08974400 -0.31855900
-4.31572500 0.18631900 1.78884600
-4.80234200 1.16967600 1.78301400
-4.77233000 -0.41511800 2.58626500
-3.25472400 0.32209500 2.01903600
-5.96424200 -0.53605100 0.01292600
-6.12377800 -1.07239000 -0.93048400
-6.57880200 -1.02412100 0.78105700
-6.33625000 0.48967600 -0.10949300
-0.55750100 2.87109200 -1.19180700
-1.28056800 3.59637200 -0.21350500
-0.89587600 4.92222600 0.04734200
-1.43796100 5.49722800 0.79506300
0.17924000 5.51046600 -0.62569100
0.46421000 6.53850100 -0.40692300
0.89403700 4.76998900 -1.57252800
1.73569200 5.22764300 -2.08966400
0.54034600 3.44419600 -1.87943600
-2.46408300 2.97255800 0.51596500
-2.30330600 1.88782500 0.51306000
-2.55956100 3.44083300 1.98207300
-3.31007900 2.84612800 2.51692500
-1.59837300 3.32909300 2.49682600
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-2.86750800
-3.78550400
-4.64159000
-3.93028900
-3.79232900
1.34993700
0.74014900
2.59621700
3.16239400
3.25114100
2.31620800
1.74293900
2.21076400
0.86997000
2.46879800
-3.70597700
-3.75069000
-3.48075200
-4.69963800
-2.66581000
-2.48855300
-3.04739100
-1.81691000
-2.06718000
-2.88560200
-2.30656000
-1.16350100
-0.17327200
3.91207700
3.80830500
4.63985100
2.86543400
3.84365200
2.81559100
2.91652600
2.89744800
1.81916400
4.76479200
4.62293600
3.58138600
5.24088200
4.94538000
6.23090200
6.43147500
6.50117800
6.89269100
0.63654500
-2.01135100
-0.98574600
-0.74622100
1.66710700
3.60688500
-0.19182600
4.40320600
4.42647100
5.12529500
3.40029700
5.27291800
5.39580700
6.12269200
5.31315100
0.59978900
1.13569000
0.81193500
1.85911600
1.02639100
1.51698800
0.41210700

4.49307900
3.26756100
2.86596900
4.35068700
2.81255800
2.64650500
1.79846100
2.05783500
1.41727800
2.86124900
1.42881100
3.46417400
2.80272700
3.94174800
4.25215600
-1.94123500
-1.87131100
-2.96983700
-1.69550400
-0.96893100
0.21206500
0.24885900
1.40649700
2.60020500
2.39015300
3.49698400
2.82739600
0.35050400
-2.97939300
-3.79902100
-3.57915000
-3.58732100
-4.87653600
-3.42484600
-2.90732500
-4.50928600
-3.20023200
-0.40052000
1.13246200
1.43921000
1.63223100
1.47670100
-0.78394200
-1.83119500
-0.62175300
-0.15997000
-0.89112100
-1.24183500
1.52579900
0.22911800
-0.94553600
-1.08493500
-0.29770300
-0.78559700
-1.86905900
-0.32119600
-0.42270900
-3.23043100
-2.58299400
-3.06884600
-4.27731800
1.59009700
2.30240000
2.11097400
3.47951200
1.87926100
3.30530600
1.60654200

2.05260000
-0.23212200
0.32575700
-0.34612300
-1.22956700
-2.89325500
-3.22713600
-2.20354700
-2.88948800
-1.83819900
-1.34790500
-4.13970200
-4.87980800
-4.60509900
-3.89762000
-2.69405800
-3.78624900
-2.39924100
-2.29958800
-2.16454900
-2.91039600
-3.84187800
-2.57295600
-3.47703900
-4.17161000
-2.89512700
-4.05754000
2.30754600
-0.82540500
0.47194900
1.15311500
0.99326700
0.24099000
-1.81478900
-2.77661000
-1.99154400
-1.42249400
0.77147800
0.63441400
0.78856100
1.39758700
-0.35650800
0.48895800
0.74493500
-0.56320300
1.11043000
-2.87848800
-1.00556000
-1.51060400
1.17860500
0.42552400
-0.62536400
-0.86974700
2.21873200
2.37938900
2.91045600
2.47210900
-1.51435900
-2.39293200
-0.84454000
-1.85509300
2.58486300
1.49003500
3.88303200
1.67343800
0.49904000
4.06813000
4.75449700
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2.04750000 3.99135100 2.96598700
2.27328600 3.98976100 0.80810700
1.65470000 3.69511900 5.07491800
2.60837300 4.91271200 3.11400100
-0.40245700 -0.72868700 3.38324800
0.92244600 -1.11076100 4.09243200
1.61023900 -1.54913800 3.36103300
1.42320700 -0.26300200 4.56938700
0.69795000 -1.85887000 4.86476400
-0.96373500 -1.99899500 2.72263500
-1.03653000 -2.79178800 3.47824200
-1.95846300 -1.83002900 2.30386400
-0.29566600 -2.33260500 1.92022500
-1.46012700 -0.23925700 4.42103500
-1.70883000 -1.08833800 5.07082800
-1.10775900 0.57790000 5.05735800
-2.37970100 0.08533200 3.92263900
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Figure S192. Optimized structure of Z-3fi.
Below are presented xyz coordinates for optimized geometry of Z-3f;

-2.83337100 -2.11862300 -0.01734700
-2.28363500 -3.41838100 -0.14920400
-2.84531600 -4.44745700 0.62551800
-2.44447800 -5.45454700 0.54349000
-3.89963100 -4.20255300 1.51211400
-4.31562800 -5.01743000 2.10240000
-4.39982300 -2.90629600 1.65294500
-5.19838500 -2.71132700 2.36750400
-3.88045400 -1.84207200 0.89613400
-1.10793600 -3.69195600 -1.08067500
-0.43761800 -2.81958900 -1.00761900
-0.28834200 -4.92364800 -0.65395400
0.61834200 -4.99271200 -1.26411400
0.01364700 -4.85901400 0.39902500
-0.85260800 -5.85556200 -0.79817000
-1.53074900 -3.81309000 -2.56040500
-0.65349300 -4.04940200 -3.17587600
-2.27452700 -4.61193500 -2.69007200
-1.94522400 -2.87206800 -2.93563100
-4.40039700 -0.42887000 1.14657500
-3.96293000 0.24247500 0.39791500
-3.92698700 0.04978100 2.53689700
-4.33069300 1.04586600 2.75793300
-4.26908100 -0.63767700 3.32187400
-2.83381300 0.09982700 2.57399900
-5.93711500 -0.32796900 1.03881500
-6.30451300 -0.69910200 0.07381200
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-6.43263500
-6.25100200
-0.80473400
-1.33847900
-0.91776500
-1.32623000
0.02457500
0.33556600
0.59039100
1.35004500
0.19292100
-2.34565100
-2.25967100
-2.02558100
-2.69174000
-0.98998600
-2.16638500
-3.78636800
-4.51086000
-3.89997700
-4.04193700
0.86697800
0.19923100
2.15674000
2.64257600
2.85987800
1.94385200
1.16671900
1.53100700
0.27111100
1.94438800
-4.30501200
-4.57518700
-4.06701600
-5.18134500
-3.14311400
-3.02616300
-3.71140100
-2.27976000
-2.62038000
-3.49215000
-2.82641300
-1.77431500
0.84154300
3.69313700
3.79762300
4.71972600
2.93842800
3.80595400
2.46219900
2.39394300
2.54979800
1.52936600
4.80325200
4.77691800
3.79814800
5.51849800
5.02297800
6.19468500
6.35026800
6.36152800
6.95750500
0.18228200
-2.34009900
-1.32506500
-0.39587400
1.46893100
3.45164300

-0.90613900
0.71880800
3.04950500
3.69456400
5.00698800
5.52794800
5.64811900
6.66707400
4.96568400
5.45557300
3.65650800
2.99504700
1.91936500
3.22528200
2.61927900
2.94073900
4.27524700
3.43531600
2.94011900
4.52127700
3.17929700
2.90000800
2.09018900
2.23280900
1.64955000
2.98862000
1.53308500
3.77893800
3.14843500
4.31276900
4.52538400
-1.53340000
-1.32268800
-2.59483800
-1.32754500
-0.65050600
0.58229200
0.71480400
1.72775300
3.00657400
2.85477600
3.82246200
3.32702600
-0.26072700
-2.77458500
-3.81401300
-3.69222500
-3.73560800
-4.82923000
-3.08565900
-2.39557900
-4.11277400
-3.00798300
-0.52607200
1.01694900
1.39075400
1.35429100
1.46760000
-0.93962800
-2.02278900
-0.61224000
-0.45972600
-0.58514600
-1.03557600
1.74450600
0.14889500
-1.22593300
-0.94097200

1.83003700
1.14439200
-0.86799800
0.27180900
0.54647300
1.41020500
-0.26374900
-0.03815400
-1.34620300
-1.95235400
-1.67052400
1.17518900
0.98113600
2.66591900
3.29164400
2.88525600
2.95613400
0.83054700
1.49031100
0.95251500
-0.20571200
-2.80785600
-3.12672100
-2.28217500
-3.07284900
-1.90578300
-1.46385900
-4.03789100
-4.85865700
-4.38400800
-3.82684900
-2.27536600
-3.31520600
-2.16292900
-1.64761300
-1.85622700
-2.52718100
-3.35975000
-2.18344000
-2.92572800
-3.56825500
-2.22288300
-3.54659300
1.79014900
-1.43681900
-0.30836200
0.27318800
0.37127600
-0.73651800
-2.31523300
-3.16369100
-2.70296900
-1.74750300
0.43843000
0.52842700
0.83864400
1.26827800
-0.44177700
-0.08606500
-0.02665100
-1.12039300
0.54638400
-2.82423300
-0.83427200
-1.22315900
1.14530800
0.19321000
-0.86469500
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-0.53679100 -0.08806500 -0.69804400
4.58978900 -1.13436300 1.83103900
4.60208600 -2.22898500 1.80949100
5.38710300 -0.79333200 2.51116800
3.63526600 -0.80994000 2.24687800
492474500 -2.85621800 -2.37114400
4.91571700 -2.04340600 -3.10973600
5.87512500 -2.82529900 -1.83185100
4.88534600 -3.81021100 -2.91921400
1.60917100 0.99750200 2.17717300
1.49072600 2.13067100 1.35385500
244793900 1.11200100 3.30499600
2.16085200 3.32591800 1.62878800
0.85833500 2.07951200 0.47713800
3.12864700 2.30463200 3.58823400
2.58572600 0.27581400 3.97995400
2.98786100 3.42224200 2.75637000
2.03229300 4.17034300 0.95680100
3.76971300 2.35217500 4.46728000
3.51630800 4.34764200 2.97872400
0.45859700 -1.24550700 2.96844800
1.64775900 -2.10666500 3.44994500
2.07828400 -2.65745800 2.60282900
2.45148400 -1.54518800 3.93521100
1.27530400 -2.83924400 4.17881400
-0.60083400 -2.24852100 2.46706100
-0.81772000 -2.97360300 3.26235500
-1.53254600 -1.74970600 2.19588600
-0.23385400 -2.79788800 1.59247200
-0.17659200 -0.44843900 4.13483800
-0.63804700 -1.14884600 4.84445900
0.54708900 0.16340900 4.68251600
-0.95987000 0.21691900 3.75252600
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Figure S193. Optimized structure of Z-3frsz.
Below are presented xyz coordinates for optimized geometry of Z-3frs2:

-2.75071500 -2.19933600 -0.12513000
-2.14363200 -3.46765200 -0.31369800
-2.66253500 -4.55402900 0.41130500
-2.22084500 -5.53941000 0.28459900
-3.72748900 -4.39216100 1.30502400
-4.11040500 -5.24997500 1.85571600
-4.28086100 -3.12515400 1.50635800
-5.08844300 -2.99755100 2.22625600
-3.80416600 -2.00650600 0.80183300
-0.95265700 -3.64817300 -1.25078300
-0.33846800 -2.73888500 -1.15620200
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-0.05944800
0.85818000
0.22454500

-0.55839300

-1.35234100

-0.46268800

-2.08689100

-1.76590300

-4.37936500

-3.89669900

-4.03605600

-4.45378100

-4.45387500

-2.95123200

-5.90455400

-6.17839400

-6.44089300

-6.26188000

-0.89721700

-1.34099200

-0.84985900

-1.18383700
0.04989200
0.41526600
0.48094500
1.18693700
0.03097900

-2.39074300

-2.30378500

-2.15926800

-2.83565400

-1.12764300

-2.35599400

-3.80689500

-4.56994000

-3.91922700

-4.00646700
0.56527900
0.01097900
2.05360400
2.42067900
2.66519200
2.20494500
0.40110000
0.65457900

-0.62333000
1.07254300

-4.18266200

-4.48202500

-3.85313900

-5.06595200

-3.09832700

-3.04615700

-3.72633500

-2.37387600

-2.81373600

-3.86522900

-2.67683600

-2.21739500
1.09056600
3.68407500
3.89807700
4.81666700
3.05263500
3.97174200
2.43051200
2.29539100
2.55311400

-4.83605000
-4.82410400
-4.78448200
-5.79826100
-3.75219100
-3.97372200
-4.55464200
-2.80746100
-0.62623700
0.09978300
-0.23211000
0.75451700
-0.95636700
-0.19447500
-0.55315900
-0.82835700
-1.22570800
0.46846000
3.00281400
3.52163400
4.76882700
5.17998400
5.49565200
6.46413600
4.96710500
5.52941200
3.71655000
2.79402900
1.72713100
2.96180200
2.30362800
2.70189100
3.98993900
3.26619600
2.74611700
4.34638500
3.06204900
3.20494800
2.30080600
2.80239700
2.44829400
3.66404200
1.98808000
4.24848100
3.79136900
4.63732100
5.10563900
-1.62928400
-1.35641300
-2.67189800
-1.55935500
-0.68679200
0.58188500
0.73957800
1.74750200
3.04610800
2.97950000
3.90279800
3.22462400
-0.47044100
-2.41562200
-3.65915700
-3.60152000
-3.80077900
-4.55217100
-2.64686000
-1.84515700
-3.59992000

-0.84940300
-1.44775000
0.20901200
-1.03106000
-2.73860100
-3.34184100
-2.89515700
-3.10489600
1.10454000
0.43908300
2.55749200
2.79427100
3.26960300
2.69736000
0.87657500
-0.14927500
1.55955000
1.06141500
-0.66426800
0.57868000
0.99769600
1.94777900
0.21273200
0.55128100
-1.00547600
-1.61547000
-1.46953700
1.40823200
1.17639300
2.92184900
3.48032400
3.18648700
3.25607500
1.00552000
1.60022300
1.17288800
-0.05384500
-2.80382100
-3.07685600
-2.68679600
-3.65886300
-2.38133000
-1.97079800
-3.93306200
-4.89847700
-3.99136900
-3.78684700
-2.43162700
-3.44859900
-2.41339400
-1.78436900
-1.94145900
-2.52323900
-3.35646400
-2.06842500
-2.71958100
-3.01760500
-2.05372400
-3.62377400
1.80132000
-1.69953500
-0.81368400
-0.21976200
-0.12808300
-1.45480000
-2.56889400
-3.30005300
-3.10758500
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1.51436900
4.86757000
5.06163500
4.19893400
5.93518900
5.24121900
6.20757800
6.24196100
6.43884800
7.00504500
0.32993500
-2.30344600
-1.44303300
-0.66215100
1.55020400
3.43045600
-0.59115800
4.59456900
4.38394700
5.47102300
3.74070300
4.85330700
4.75548600
5.83904200
4.81030800
1.73335400
1.79915200
2.29082800
2.35568600
1.41696600
2.86423700
2.31011400
2.88482000
2.37622200
3.29623200
3.31928100
0.49404900
1.64921200
2.12498400
2.42245300
1.21351400
-0.49094800
-0.78802500
-1.38742300
-0.03070700
-0.26393300
-0.80455900
0.39247400
-0.98574600
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-2.70574500
-0.68023900
0.81460300
1.23333600
0.92056100
1.40853500
-1.14798300
-2.22538300
-0.61626500
-0.91364000
-0.16884900
-1.07118400
1.73537900
0.24690100
-1.48952100
-0.74103100
-0.10412000
-1.46172000
-2.52042300
-1.39400800
-1.03388600
-2.24419200
-1.30315200
-2.27029700
-3.07142200
0.85664500
1.76339500
1.26635500
3.03232100
1.46123400
2.53740100
0.58973600
3.43175000
3.70244200
2.82086400
4.42297300
-1.27522100
-2.04024800
-2.74241700
-1.38221700
-2.60782100
-2.35874800
-2.98197500
-1.90583400
-3.00797300
-0.39040000
-1.04480700
0.25370100
0.24136700

-1.97405700
0.58680600
0.92978800
1.44697800
1.59215300
0.02450300
-0.02255200
-0.21003000
-0.95397100
0.69953200
-2.66026000
-0.90527000
-1.10832000
1.20588700
0.34212100
-0.73236500
-0.48750200
1.88047000
1.69310000
2.54526900
2.41234500
-2.70224300
-3.25933600
-2.23324700
-3.42749000
2.02547300
0.94489300
3.25531200
1.08616500
-0.03074200
3.39946000
4.10175400
2.32243800
0.23311800
4.35755500
2.43773300
2.99561700
3.70611700
3.01171200
4.11623700
4.53929300
2.50232500
3.35566900
2.07443700
1.74824700
4.01461500
4.71139600
4.60658700
3.49139900
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Figure S194. Optimized structure of Z-3f.
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Below are presented xyz coordinates for optimized geometry of Z-3f:

-1.99480300 2.83724900 -1.25165200
-1.82118100 1.44804100 -1.23926400
-1.76088000 0.74128800 -0.02182400
-1.88164600 1.46136900 1.18236300
-2.05209300 2.85146000 1.16939400
-2.11068800 3.54530500 -0.04714900
-2.02973900 3.36636600 -2.20267300
-2.13126200 3.39171400 2.11147900
-1.52869400 -0.73437100 -0.01681700
0.02755900 -1.44416900 -0.03456900
1.37896000 0.34857500 -0.01856900
2.34029700 -0.04344100 1.60707900
1.38402200 0.46527900 2.71249600
2.68017600 -1.51867000 1.90018300
3.63020200 0.80129200 1.63718600
1.12881200 1.52245200 2.56729600
0.45054800 -0.11397300 2.72205800
1.86376400 0.35037400 3.69651200
3.36091400 -1.94569000 1.15768000
3.16877900 -1.58638900 2.88509500
1.77712500 -2.14178200 1.93177600
4.06147000 0.77311000 2.64966300
4.38550600 0.40900700 0.94526600
3.43278700 1.85056300 1.38023600
2.46883000 -0.08672300 -1.54475400
3.39389800 1.12340000 -1.81153400
3.30075300 -1.37852300 -1.46400900
1.47712200 -0.19028100 -2.72767700
2.81400400 2.05192800 -1.88934800
4.14337700 1.25393000 -1.02354300
3.92931900 0.97060900 -2.76145300
2.67584200 -2.24780000 -1.22268200
3.78391100 -1.56655600 -2.43591900
4.09498300 -1.30008600 -0.71194900
2.03988200 -0.26222100 -3.67069500
0.83819200 -1.07969000 -2.64457300
0.82872100 0.69460100 -2.78079100
-1.71098300 0.90181000 -2.17402300
-1.81581600 0.92959900 2.12917100
-2.23857800 4.62613400 -0.05644900
-2.78365300 -1.62911200 -0.00990500
-3.62820200 -1.31682900 1.25363800
-3.05208000 -1.51883100 2.16594100
-3.95537700 -0.27103000 1.26924600
-4.52040500 -1.95748600 1.25978300
-3.63524200 -1.31138400 -1.26792700
-3.06554900 -1.51445000 -2.18397500
-4.53062200 -1.94760400 -1.26958800
-3.95607800 -0.26351400 -1.28010700
-2.44113600 -3.13230700 -0.01364700
-1.86380200 -3.41100300 -0.90438800
-1.85584500 -3.41310200 0.87127900
-3.37206400 -3.71532300 -0.01033800
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E.3.9. Reaction of 1 with tert-butyl phenyl ketone leading to E-3f

o

Figure S195. Optimized structure of E-3f 1s1.
Below are presented xyz coordinates for optimized geometry of E-3f ts1:

-2.47064154 -1.56074602 -1.08415463
-1.89284093 -2.79980985 -1.45448211
-2.64020382 -3.96736449 -1.22879791
-2.22403446 -4.93000756 -1.51406155
-3.90614259 -3.91851450 -0.63565455
-4.47185619 -4.83613962 -0.48112377
-4.42641824 -2.69235916 -0.21455589
-5.39444744 -2.66074817 0.28461482
-3.72300994 -1.49291037 -0.42183983
-0.52025798 -2.86512145 -2.11353362

0.11388037 -2.10097722 -1.62045795
0.17434382 -4.22185543 -1.90153177
1.20176698 -4.16955413 -2.27588310
0.20388355 -4.49495843 -0.84040861
-0.33610088 -5.02119085 -2.45688894
-0.58503472 -2.53693634 -3.62155118
0.41529667 -2.61422374 -4.06539836
-1.24998577 -3.24560984 -4.13482318
-0.94425528 -1.51917548 -3.80228862
-4.31172616 -0.18664205 0.10851513
-3.64161172 0.63248676 -0.17601340

-4.38051012 -0.21929327 1.65205914
-4.84559991 0.70145361 2.02777504
-4.98824128 -1.06624528 1.99900236
-3.37689221 -0.30272213 2.07983877
-5.71875587 0.11070027 -0.45650220
-5.73125477 0.13925335 -1.55218802
-6.44219945 -0.65022884 -0.13429846
-6.07068906 1.08373451 -0.08930479
-0.32432967 3.37248832 0.14470188
-1.11709235 3.64464937 1.29130702
-0.66699636 4.63948507 2.17593949
-1.24755310 4.86176231 3.06784612
0.52226346 5.33950337 1.94404692

0.85900830 6.09256140 2.65478112
1.26571778 5.07776184 0.79191804
2.17905512 5.63889764 0.59976811
0.84888614 4.11131300 -0.14066552

-2.42662588 2.89928076 1.55780404
-2.25163562 1.84574664 1.29964220
-2.87223566 2.96854493 3.03322755
-3.71546649 2.28639786 3.19302234
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-2.07053898
-3.21337070
-3.58442587
-4.52552866
-3.70596631
-3.42475971
1.65087737
1.08561725
2.99712809
3.54483846
3.61990523
2.83699178
1.87476562
2.33895074
0.93442978
2.54704285
-3.41229511
-3.19432213
-4.43139693
-3.38742903
-2.41638267
-2.18661405
-2.67454224
-1.52723818
-1.69270471
-2.59056822
-1.74724118
-0.82206502
-0.42574141
3.92171181
3.29244414
3.78620603
2.23039405
3.37573018
3.20881692
3.64197326
3.30335665
2.14465105
4.81277304
4.28096268
3.27277678
495012354
4.24457996
6.24609948
6.72233233
6.23930768
6.87037258
1.00103682
-1.81399471
-0.75619348
-1.13123682
1.67633777
3.71029817
0.01663622
4.84032143
5.34526546
5.38409402
3.82259705
5.41632364
5.90184844
5.96527115
5.50636035
-0.41001809
0.76378376
-1.65697217
0.68770360
1.73112097
-1.73262319

2.68429934
3.97850521
3.43389308
2.94581103
4.51655170
3.23796188
3.91809829
3.25355154
3.22907895
3.04607820
3.85149547
2.25947365
5.25412654
5.06157434
5.79694213
5.91527811
-0.28936423
-1.35434776
-0.20531793
0.20413262
0.37945535
1.75529101
2.17694368
2.69209963
4.15469979
4.30194626
4.78338656
4.48423520
-0.91190725
-2.13301860
-3.24423244
-3.34783789
-3.03868728
-4.20915776
-2.10589279
-1.34747523
-3.09134780
-1.87546857
-0.15530356
1.06797581
0.88521684
1.27357573
1.96428929
0.18572034
-0.64492996
1.05832998
0.42593168
0.67698431
-0.33361700
2.33213584
-0.24598230
-0.36616472
-0.33336946
0.46970478
-1.36578705
-2.22957943
-1.10419291
-1.66533154
-2.43005917
-1.62560914
-2.57689864
-3.35903838
-2.41200115
-3.19130157
-3.05733449
-4.58585116
-2.70044204
-4.45518561

3.72416770
3.30086935
0.67956714
0.96669896
0.82053023
-0.38511696
-1.42314254
-2.08701332
-1.13661778
-2.06927332
-0.47835637
-0.65483608
-2.16699657
-3.14308372
-2.32929517
-1.60400474
-3.37257628
-3.49063095
-2.97773025
-4.35025004
-2.44207778
-2.64812997
-3.52347409
-1.82280133
-2.18463965
-2.79243537
-1.29084350
-2.76717258
2.22896645
-1.29709337
-0.43839610
0.53288235
-0.26184972
-0.96422633
-2.66677449
-3.33035037
-3.15014740
-2.54940628
0.95166977
1.73061554
2.12039585
2.58077723
1.10036470
0.47761454
-0.05348473
-0.18828958
1.35273700
-3.07345660
-1.45276235
-0.76611095
1.44407574
0.25812480
-0.62866609
-1.07175120
1.90020392
1.45200354
2.82220853
2.18067982
-1.53804562
-2.10656425
-0.60032968
-2.12266925
2.10938025
2.12722668
2.01026084
2.05069203
2.14653730
1.97197119
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-2.56229516 -2.45841544 1.96403177
-0.56169005 -5.22408221 1.98945741
1.60473769 -5.17256070 2.03361579
-2.70580805 -4.93696478 1.90724641
-0.61884464 -6.31047684 1.94235263
0.13447479 -0.24568496 3.50348707
-1.04101391 -0.37541496 4.52095922
-1.94076166 0.12554310 4.14361962
-1.27940482 -1.42814300 4.72146206
-0.74647130 0.09943437 5.46645838
0.42856622 1.23886562 3.23917126
0.68204271 1.74358484 4.18106669
1.26278137 1.34716055 2.53776458
-0.43559636 1.73101675 2.79428312
1.38224519 -0.91908420 4.10355834
1.67455180 -0.36791110 5.00780631
1.20014528 -1.96236792 4.38651274
2.21969554 -0.87900728 3.39783267
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Figure S196. Optimized structure of E-3f1.

Below are presented xyz coordinates for optimized geometry of E-3f:

-2.24298400 -2.29787700 -0.84143200
-1.30415300 -3.29182500 -1.21036400
-1.59130200 -4.62504100 -0.87667300
-0.89248500 -5.40782100 -1.15918200
-2.74191500 -4.96290000 -0.15575300
-2.94275700 -6.00357200 0.09406800
-3.60782600 -3.95612800 0.27762600
-4.47341500 -4.21427700 0.88637800
-3.37654900 -2.60888200 -0.05171000
-0.01809600 -2.92817200 -1.94281000

0.34971800 -1.97134100 -1.51457200
1.10138200 -3.96059400 -1.72410400

2.02927100 -3.59596500 -2.17458600

1.27736600 -4.14211800 -0.65755500
0.85776100 -4.91607400 -2.20888400
-0.26028600 -2.70835200 -3.45050100
0.67936000 -2.44326500 -3.95004400
-0.65229000 -3.63005600 -3.90265300
-0.96817900 -1.89327200 -3.62975800
-4.28236300 -1.52948500 0.53213300
-4.00658200 -0.56683900 0.08572300
-4.02357500 -1.43331800 2.05251200
-4.66227000 -0.66330300 2.50359000
-4.24544600 -2.38963900 2.54476100
-2.97573200 -1.18158100 2.24908000
-5.78113100 -1.77539000 0.25921600
-5.99159700 -1.87621200 -0.81281600
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-6.13359800
-6.37414900
-1.43980800
-2.13406500
-1.91271300
-2.43023600
-1.01658500
-0.84711300
-0.33829700
0.35937200
-0.54198500
-3.08928500
-2.65499100
-3.24929400
-3.79856900
-2.27777600
-3.82047600
-4.48130400
-5.16538200
-4.91129000
-4.43205900
0.19704800
-0.16752400
1.71079500
2.22328800
2.14379900
1.89972900
-0.04859900
0.39629000
-1.11733900
0.41682200
-3.75166100
-4.07284500
-3.20894900
-4.64741500
-2.88862700
-3.05491800
-3.72721400
-2.59479400
-3.18306200
-4.11330800
-3.37226400
-2.47083000
0.81392100
4.30023400
4.18045700
4.80941600
3.14470300
4.49496000
3.38931200
3.49326200
3.65973000
2.33535800
4.93301500
4.21334500
3.40893300
4.94182800
3.77516900
6.10079400
6.70927000
5.72418100
6.75915800
0.35569500
-2.04336300
-1.68386500
-0.45714400
1.72281700
3.68552700

-2.68853500
-0.93568300
3.09043300
3.17992700
4.31138900
4.40155600
5.31220900
6.17411500
5.19879200
5.97871100
4.10020800
2.07534500
1.12280000
2.01577800
1.10991500
1.99647700
2.87510700
2.22623900
1.45500300
3.20918400
2.12222000
4.05207600
3.18718300
3.85000200
3.74281600
4.70957000
2.94382000
5.32594800
5.20400000
5.54470900
6.20425200
-1.42035500
-0.94872700
-2.34556800
-1.69783200
-0.46009200
0.91453500
1.15709200
2.02185200
3.37208800
3.24992700
3.97243200
3.92801000
-0.57630100
-1.04775500
-2.30206300
-2.24465700
-2.45193500
-3.18780000
-1.20727800
-0.35847400
-2.13007600
-1.26488300
1.20771400
2.30397000
1.89034000
2.79448900
3.06669500
1.89818900
1.19448900
2.66892400
2.38372100
0.63920100
-0.93823800
1.92721000
-0.34996200
0.42250700
0.59299300

0.75702700
0.64487200
0.09984200
1.33421300
2.13635200
3.08832300
1.74539700
2.38889800
0.53031300
0.22861900
-0.32435800
1.78325700
1.44710700
3.31510300
3.59676300
3.82147000
3.69277100
1.12494800
1.50357800
1.36057600
0.03576500
-1.65714200
-2.22327100
-1.43994600
-2.40414600
-0.90788000
-0.85668800
-2.49831500
-3.49453000
-2.62016700
-2.03093200
-3.01012600
-3.94435700
-3.23020500
-2.44100000
-2.21421400
-2.46827100
-3.28685200
-1.72224200
-2.07779700
-2.64042000
-1.18215800
-2.70075600
1.64477000
-1.53125600
-0.65687800
0.23828100
-0.34107000
-1.23279400
-2.76855500
-3.45519500
-3.30569300
-2.47634400
0.58191100
1.39728000
2.01263100
2.06120800
0.74163600
-0.16767600
-0.74333900
-0.85194900
0.56925900
-2.86689700
-1.26958100
-0.72769600
0.99616600
0.21129900
-0.74502800
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-0.48372300 0.27868000 -0.76439700
5.48589100 0.13144500 1.53227500
6.08219200 -0.61746000 0.99792900
6.13741700 0.60023800 2.28685800
4.67792400 -0.38602400 2.06233800
5.75530800 -0.88276300 -2.01951200
5.88714000 0.03206600 -2.61182400
6.47114200 -0.87258400 -1.18877700
6.00806500 -1.73984300 -2.66257100
1.06680300 -2.06195700 1.77581700
2.36145900 -2.56062900 2.00688300

-0.00926500 -2.96944700 1.77337000
2.58147200 -3.92423000 2.23255200
3.20330500 -1.87417200 1.99304800
0.20672200 -4.33493700 2.00478700

-1.01376600 -2.59839900 1.59420900
1.50106700 -4.82013700 2.23638700
3.59565900 -4.28572100 2.39641200

-0.64204200 -5.01566900 1.99518200
1.66841900 -5.88174600 2.41132700
0.78843700 0.13802800 3.05229300

-0.36101900 -0.46995100 3.89007100

-1.32033700 -0.34371900 3.37651700

-0.20240600 -1.53893000 4.07668300

-0.41784100 0.04405500 4.85950500
0.52990000 1.64575500 2.88297000
0.36735600 2.10445900 3.86832300
1.37028200 2.15315300 2.39805200

-0.35677000 1.82138500 2.27022600
2.11340400 -0.05796100 3.81293900
2.09818300 0.55984700 4.72113100
2.26633100 -1.10108500 4.11304000
2.97093000 0.26050200 3.20782400

ITIOIIIOIIITOOIIIOIOIOOOOIIIOIIIO A

Figure S197. Optimized structure of E-3f rs2.
Below are presented xyz coordinates for optimized geometry of E-3f ts2:

1.79999200 2.70738000 -0.69893600
0.74532200 3.56707400 -1.10196300
0.77432900 4.89802600 -0.65050100
-0.01162200 5.58210000 -0.95976800
1.78442800 5.36007400 0.20116400
1.78572400 6.39707900 0.53371600
2.77025700 4.47686000 0.64522000
3.53101600 4.82391200 1.34345700
2.79457800 3.13953200 0.21224900
-0.39715400 3.06857700 -1.98355800
-0.68674400 2.07147700 -1.60319400
-1.64085400 3.97249600 -1.91226700
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-2.46408200
-1.96548100
-1.44987300
0.02352100
-0.84426800
0.40768400
0.78155400
3.83735800
3.70472300
3.58747400
4.33371300
3.66401900
2.58806800
5.28529800
5.49370400
5.48296600
5.99549200
2.11286700
2.76295800
2.70275800
3.19187100
2.00184400
1.95518000
1.36010700
0.81361200
1.40710400
3.49784300
2.90495800
3.61389900
4.01728900
2.63722100
4.29516400
4.90221800
5.42469300
5.50539300
4.84524200
0.72036900
0.91516600
-0.81022200
-1.29074500
-1.07878600
-1.20966200
1.25152900
0.83682100
2.34631600
0.94652700
3.49155600
3.92218300
2.79239000
4.30336700
2.80920500
3.25554500
3.96458900
3.03965300
3.87552600
4.81237900
4.09569900
3.32492800
-1.38317500
-4.21855000
-4.14936300
-4.74034100
-3.11687800
-4.54561200
-3.38006100
-3.44786000
-3.75805500
-2.32108300

3.50168100
4.13992500
4.94653800
2.88462600
2.57672000
3.83156900
2.10465900
2.19018300
1.20862000
2.02555000
1.35066800
2.99164100
1.61413500
2.66104100
2.78300500
3.62259200
1.92636300
-2.72140600
-2.75868600
-3.94824600
-3.99864600
-5.06302700
-5.97220300
-5.00303700
-5.87128800
-3.84491900
-1.53249700
-0.65507500
-1.52999800
-0.56986800
-1.67636300
-2.31513800
-1.40007900
-0.52748600
-2.29316300
-1.27136100
-3.86442800
-2.91009700
-3.99215300
-3.93074300
-4.95373500
-3.18407500
-5.01463800
-4.92325900
-5.01534200
-5.99197400
2.28017100
1.93927500
3.10053800
2.68138800
1.12331800
-0.17468700
-0.24190600
-1.37432700
-2.56614600
-2.23123000
-3.22264300
-3.15435900
0.08748800
0.54766800
1.72496300
1.53834400
1.92323300
2.63192600
0.86756200
0.06121100
1.79497100
0.99489900

-2.45843100
-0.87862600
-2.38410300
-3.45777100
-4.05423800
-3.86294200
-3.56595900
0.79101500
0.32078900
2.30617900
2.74383800
2.82288300
2.48315200
0.53580400
-0.53407200
1.02850300
0.93763700
0.01475800
1.27693600
2.02030700
2.99004100
1.54669300
2.14433700
0.30853200
-0.05689800
-0.48923500
1.81133200
1.51484700
3.34758100
3.68895600
3.82376000
3.70373700
1.17738500
1.59186800
1.39032800
0.09103000
-1.85135800
-2.35374300
-1.70357600
-2.68778800
-1.24208300
-1.08398000
-2.73920800
-3.75163100
-2.81079700
-2.34070800
-2.87054200
-3.81766700
-3.05874500
-2.25103900
-2.16461500
-2.47878200
-3.29971800
-1.77071000
-2.19201800
-2.64817200
-1.34454400
-2.93704900
1.75770400
-1.61486600
-0.63459800
0.26730700
-0.33100500
-1.11840600
-2.87193300
-3.61209000
-3.32994800
-2.62895900
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-4.71214900
-3.93974200
-3.17969500
-4.65468700
-3.43285700
-5.79687400
-6.48663800
-5.34006600
-6.39012100
-0.15931600

1.87761300

2.17001200

0.66380100
-1.64304400
-3.46510100
0.65570500
-5.37038000
-5.93584100
-6.06596700
-4.61015600
-5.68045400
-5.78251700
-6.36125400
-6.00522000
-1.90512000
-3.20087600
-1.09702500
-3.67404200
-3.85731600
-1.57599300
-0.09224100
-2.86494500
-4.68324700
-0.92556100
-3.23398700
-0.90778200
-0.03497700

0.90041800
-0.55068100

0.19002700
-0.17381200

0.12469200
-0.80346100

0.72192300
-2.20442300
-1.89947100
-2.69279600
-2.91797500

-2.01627500
-3.19087200
-2.84410100
-3.83189000
-3.79995100
-2.65353800
-1.91715600
-3.21357800
-3.35762900
-0.49931200
1.36478700
-1.49112200
0.41483900
-0.94337100
-1.09930900
-0.14109700
-1.17200300
-0.32528100
-1.79279700
-0.78148000
0.33924800
-0.50860900
0.19527000
1.24503100
1.47351200
1.69737400
2.59545100
2.99731900
0.85785300
3.89223200
2.43301300
4.10438200
3.13727300
4.73342500
5.11459300
-0.62110300
0.29464600
0.52850500
1.23191000
-0.22729900
-1.94387400
-2.38872100
-2.66337600
-1.76741500
-0.96986800
-1.60109800
-0.07582100
-1.53659500

0.18103800
0.82755200
1.53584100
1.36601800
0.06841500
-0.72584100
-1.14624400
-1.55190100
-0.12258200
-2.74933200
-1.22116200
-0.74527600
1.10048200
0.26373000
-0.96775000
-0.53003500
1.28270100
0.87615100
1.86970300
1.96777900
-2.06407400
-2.75288500
-1.21693800
-2.59876300
1.94682100
2.46032900
1.66292000
2.67534000
2.66110200
1.88210800
1.28899900
2.38920200
3.05966300
1.65087600
2.55705800
3.04284100
3.92918700
3.41416600
4.16901400
4.86895500
2.77036800
3.72902000
2.23426100
2.17428800
3.84534900
4.69000000
4.24535100
3.23613500
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Figure S198. Optimized structure of E-3f.
Below are presented xyz coordinates for optimized geometry of E-3f:
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4.31729300
3.09460000
2.65917600
3.47098800
4.68633600
5.11787300
4.63748900
5.29289200
1.34733300
0.04570300
-1.89652700
-2.67420300
-2.05691600
-2.39200200
-4.19721400
-2.27325900
-0.96717700
-2.47629000
-2.80532700
-2.85332900
-1.31578100
-4.61406800
-4.70118500
-4.43793100
-2.68388100
-4.00749600
-2.93540000
-1.70899200
-3.84496000
-4.76752400
-4.41181700
-2.02224200
-3.27984100
-3.71405000
-2.16272800
-0.75357100
-1.50037100
2.46603900
3.13197000
6.06449600
1.40782000
2.86210900
3.43408300
3.40182500
2.83426800

1.85781000
1.51357000
0.17367600
-0.81154400
-0.46553100
0.87016300
2.89833300
-1.23740800
-0.19338600
0.33421800
-0.21842100
1.54886800
2.17022500
2.50029100
1.41423300
1.56467400
2.26972100
3.17578200
2.13266700
3.47733500
2.66168800
2.39466300
1.08900900
0.70338000
-1.20806300
-1.81937400
-0.42751600
-2.37291800
-2.39140400
-1.05671000
-2.50338900
0.06167700
-1.12352200
0.33357100
-3.04435500
-2.01283400
-2.95964600
2.27930900
-1.84606600
1.13716700
-0.93615700
-1.13854400
-1.80290600
-0.18599700
-1.59298000

-0.91533200
-0.32184500
-0.29521800
-0.89714800
-1.49798000
-1.50373900
-0.92315100
-1.96885800
0.34106400
-0.63896400
0.35719500
0.43114500
1.70646200
-0.74986000
0.63415600
2.59585100
1.61329000
1.86231200
-1.69338800
-0.53674200
-0.89047300
0.91115000
-0.28388000
1.43581200
-1.09942900
-0.58444500
-2.40196600
-1.39113900
0.33796900
-0.38422000
-1.34656800
-2.76370600
-3.18284200
-2.27377300
-2.13561900
-1.79545700
-0.48753900
0.12873200
-0.91093100
-1.96978300
1.69760300
2.18815700
1.53063200
2.25747300
3.18745000
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0.66680100 -0.09585400 2.76953100
0.76176700 -0.58868500 3.74728200
1.10080600 0.90946500 2.84469500
-0.39650900 -0.00805800 2.52751000
0.73137800 -2.32460700 1.57751900
1.20002700 -2.92147600 0.78447000
0.83630600 -2.86682100 2.52777300
-0.33527900 -2.21518100 1.35585300

IITITOIITIO

E.3.10. Reaction of 1 with acetone leading to 3g

Figure S199. Optimized structure of 3grs1.
Below are presented xyz coordinates for optimized geometry of 3grs1:

3.17002400 0.38580500 -0.30319100
3.57770500 1.74453500 -0.25903200
475722400 2.05542200 0.44401300
5.09102800 3.09063300 0.48502100
5.51195900 1.06456200 1.07942900
6.42498600 1.32943800 1.61050900
5.08792700 -0.26865500 1.03202800
5.67663500 -1.03560700 1.53372100
3.91123200 -0.63319700 0.35760600
2.82135500 2.84771700 -0.99267600
1.81782200 2.47030100 -1.23038100
2.65370600 4.11986200 -0.13936500
2.01679700 4.83591200 -0.67371200
2.17519400 3.89175500 0.81994600
3.61835800 4.61071300 0.05124100
3.52186900 3.20310500 -2.32455900
2.94326800 3.96774400 -2.85917300
4.52952500 3.60037800 -2.13688900
3.61813200 2.32964300 -2.97714200
3.46358500 -2.09432400 0.33262600
241599700 -2.10942600 0.00916800
3.53989000 -2.76048100 1.72204000
3.15449200 -3.78612600 1.66366500
457287200 -2.81835000 2.08991400
2.94266300 -2.21783200 2.46283300
4.29527900 -2.92284100 -0.67381200
4.22243000 -2.51836400 -1.68803600
5.35572300 -2.92807400 -0.38547200
3.93909300 -3.96171200 -0.69412000

-1.70605800 -2.21815900 -0.38406200

-1.53437000 -3.13338000 0.68946600

-2.68101900 -3.70928900 1.26359900

-2.57099900 -4.39928200 2.09728100

-3.96184100 -3.42635600 0.77645400
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-4.83722300
-4.10426400
-5.09645900
-2.99079700
-0.14211500
0.49347300
-0.11322500
0.92659000
-0.64445200
-0.56881000
0.46198300
1.42610000
-0.20763300
0.63815000
-3.21247500
-2.23839800
-4.03842800
-4.17043600
-5.03334100
-3.51569000
-3.91369200
-3.93518700
-3.41038200
-4.95286000
3.35779700
3.58041800
3.16049000
4.23291200
2.11821200
1.13613200
1.35070200
-0.03418100
-0.67306500
0.10292400
-1.39645400
-1.18812100
1.13608200
0.30805900
-0.23490200
-0.40472400
0.96394500
2.32155000
2.08847200
3.14127300
2.65831800
-2.48802100
-2.94832400
-3.87006800
-2.16404200
-3.14443200
-1.26827600
-0.83580300
-1.60141600
-0.48915500
-3.11616500
-2.80386000
-1.72324000
-3.27493400
-3.17984000
-4.60666100
-4.92176500
-4.83765000
-5.21480600
-0.40875900
1.97794100
-0.55321100
0.91328900

-3.87440700
-2.59007100
-2.40282400
-1.98483100
-3.56223100
-2.67117600
-4.14761100
-4.25084900
-3.51312000
-5.14712700
-4.59901800
-4.96130300
-5.46261600
-4.16600500
-1.15716400
-0.82168300
0.10692700
0.69524000
-0.15010800
0.72788100
-1.99157600
-1.42533100
-2.94838400
-2.21150700
-0.43695900
-1.32536600
0.39449200
-0.17561400
-0.64423100
-1.49864700
-1.93749300
-1.99935400
-3.15883500
-3.85001900
-3.70707900
-2.76787100
-0.18582900
-0.64214500
0.23027100
-1.41347100
-1.00453100
0.68678600
1.36533800
0.02328100
1.24340800
3.64327600
4.58842200
4.25621400
4.69866400
5.58127700
4.30511800
3.66900800
5.24928500
4.53217600
1.39781900
-0.10063200
-0.26916000
-0.47388900
-0.68902700
1.53507100
2.57846300
1.00128400
1.08840800
1.30745900
-0.00069600
-1.52938000
-0.63458000

1.24388600
-0.33255900
-0.74148200
-0.94316100

1.14615800

1.12454200

2.57140300
2.90683800

3.29135500

2.60657300
0.16807100
0.55031800

0.05579500
-0.82100300
-2.20627500
-2.57979500
-1.91693300
-2.83390100
-1.52612500
-1.18283700
-3.30507200
-4.24578100
-3.48635200
-3.02486100
-3.04087200
-3.64107200

-3.73238000
-2.43903600
-2.19175600
-2.69356800
-3.66580100
-2.06545600
-2.81748000
-3.16588800
-2.21023600
-3.70483600
2.65195000
3.82562800

4.21448400

3.53387100
4.62957800
2.96598200
3.79316400
3.28747600
2.09064600

-0.17777600
0.95114200
1.44044200
1.71061800
0.51706500
-0.85384500
-1.63070000
-1.31275900
-0.11703700
1.96288900
2.14676400
2.21832000
3.06893400
1.30515200
1.58960200
1.47964000
0.66085400
2.39142000
-2.40438300
-1.00677500
-0.91913000

1.50318500

0.01513700 2.18107500 1.30838400
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-1.94336900 1.92315500 0.52255700
0.11134100 0.46130700 -0.28893700
-2.81558400 2.13922700 3.27966500
-3.08854000 3.19821000 3.23452200
-3.38847500 1.67372000 4.09732100
-1.74534800 2.07652700 3.51867500
-3.60166600 3.46413700 -1.22939600
-3.23234900 2.88645800 -2.08366300
-4.48626600 2.96017700 -0.82244800
-3.91602900 4.45475300 -1.59304000
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Figure S200. Optimized structure of 3gr.
Below are presented xyz coordinates for optimized geometry of 3g::

-3.25901000 0.00889300 0.22188000
-3.87659900 1.26022200 0.46176900
-5.01624500 1.58650900 -0.29774800
-5.50073600 2.54875700 -0.13801200
-5.54009800 0.69770600 -1.24021500
-6.42391500 0.96961900 -1.81521000
-4.92972400 -0.54705300 -1.43915100
-5.34985200 -1.23825700 -2.16786000
-3.77877800 -0.91276300 -0.72492900
-3.38140400 2.23018600 1.52876500
-2.51765800 1.77374500 2.02718600
-2.91345500 3.56523400 0.91239300
-2.51976100 4.22317000 1.69818000
-2.12207800 3.39792500 0.17361300
-3.74755600 4.08344800 0.41829300
-4.47394200 2.49723600 2.59029000
-4.06209200 3.10741900 3.40492700
-5.32025200 3.04565100 2.15426100
-4.86660900 1.56684700 3.01856600
-3.13153900 -2.27849800 -0.93231300
-2.11552100 -2.21961400 -0.52505600
-3.01850900 -2.66203600 -2.41975600
-2.52985300 -3.63966000 -2.51659300
-4.00292900 -2.74073900 -2.90006500
-2.41957900 -1.92488600 -2.96485000
-3.89938400 -3.37103700 -0.15234100
-3.93000900 -3.15057200 0.92100200
-4.93427100 -3.45105800 -0.51299000
-3.41138000 -4.34600900 -0.28538000
1.87900400 -2.06313600 0.43454100
1.89314900 -2.84255100 -0.74865700
3.12512500 -3.34320900 -1.20347000
3.15382400 -3.94086700 -2.11205200
4.31273600 -3.08977100 -0.50945800
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5.25886600
4.27554000
5.19841300
3.06766000
0.59675800
-0.10407000
0.77255200
-0.21060400
1.28074000
1.34939100
-0.01055000
-0.92835500
0.69866800
-0.26513200
3.09075600
2.05752700
3.77622200
3.74696300
4.82682900
3.25202200
3.79886700
3.67024600
3.40797800
4.87753000
-3.52770300
-3.58690200
-3.60877000
-4.37821000
-2.20750900
-1.16370200
-1.38847100
0.07758900
0.77671300
0.02939800
1.49922600
1.30927300
-0.67936000
0.05529100
0.02670100
1.09541800
-0.45972500
-2.14159500
-2.15702600
-2.61915400
-2.72190800
2.11479800
2.59784900
3.59489200
1.89078800
2.64714900
0.81136800
0.33392200
1.08087700
0.09151900
3.21372000
3.14279900
2.12141600
3.73698800
3.565227100
4.61869700
4.81007800
4.78050600
5.36509600
0.06811700
-2.06927500
0.61401000
-0.64370900
-0.14711000

-3.47979000
-2.33725900
-2.15000000
-1.82106800
-3.20026500
-2.37374900
-3.36732100
-3.46390800
-2.49984900
-4.26815400
-4.48164000
-4.76666000
-5.31810600
-4.33287900
-1.03879700
-0.83046000
0.32293600
0.91401100
0.19271500
0.87961800
-1.81581200
-1.28409300
-2.83402300
-1.89567800
-1.11413600
-1.96442000
-0.18893200
-1.14097300
-1.10594100
-1.88479200
-2.44548000
-2.20170700
-3.39663800
-4.13851700
-3.86505400
-3.07604000
0.82348600
0.43807700
1.27534800
0.16152100
-0.42074400
1.15006800
1.97042200
0.26964600
1.45436800
3.66700100
4.65658800
4.42219900
4.69510200
5.65956600
4.25981000
3.59107800
5.19445000
4.50750700
1.53802800
0.00658900
-0.36024800
-0.28755400
-0.50298100
1.84057300
2.91090000
1.33611000
1.45215000
1.28911600
-0.38142200
-1.55418000
-0.27448600
2.33229300

-0.88131300
0.66766200
1.21499200
1.17102400

-1.46544200
-1.30668500

-2.98635100
-3.46289900

-3.42438500

-3.23808800
-0.84738300
-1.37822100

-0.91569500
0.20847200
2.48082500
2.78273500
2.27583600
3.20006700
1.97903600
1.49294200
3.61432500
4.56626700
3.72926500
3.42295000
2.81218000
3.49828300
3.39857500
2.12290500
2.07262600
2.57713600
3.48104200
1.97265900
2.60641000
2.90788400
1.93451400
3.51077600

-2.41297500

-3.69792200

-4.40662300

-3.52815000
-4.15286900

-2.77736800

-3.50640400

-3.22392800

-1.90163900
0.26647500

-0.81506700

-1.20004600

-1.65305000

-0.36449300
0.85098600
1.57006300
1.36694800
0.06297000

-1.77555300

-1.96892500

-2.10314200

-2.84686800

-1.09214700

-1.20631300

-1.07874900

-0.24696600

-1.91619900
2.36664700
0.94094000
0.91997800
-1.47173700

-1.36222200
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1.82444000 1.89321400 -0.49113600
-0.26961900 0.28093200 0.26698100
3.02495000 2.27961900 -3.11471100
3.25147000 3.34602900 -3.02382200
3.71072500 1.85099200 -3.86186400
2.00233100 2.18797500 -3.49192300
3.13953700 3.56859400 1.41577400
2.72901000 2.98107200 2.24360400
4.08993300 3.12237300 1.10422000
3.34918300 4.58371500 1.78590200
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Figure S201. Optimized structure of 3grsa.
Below are presented xyz coordinates for optimized geometry of 3grsz:

3.10014900 -0.00403100 -0.37937900
3.55048500 1.31692300 -0.63598300
476628400 1.71631900 -0.05397100
5.14047500 2.72007300 -0.23877900
5.50031900 0.85475600 0.77063800
6.43812500 1.18988400 1.21096600
5.01610600 -0.42717500 1.04000800
5.57701200 -1.08738500 1.70091100
3.81218100 -0.88240600 0.47347000
2.75031800 2.27170900 -1.51834500
1.68936700 2.10807800 -1.27739000
3.05726600 3.75053100 -1.22781200
2.37278800 4.38260700 -1.80547800
2.92219300 3.98149200 -0.16388400
4.08015100 4.02133400 -1.52538000
2.92319000 1.97941300 -3.02496600
2.38212600 2.73509600 -3.60877200
3.98397700 2.01217500 -3.31165500
2.50572100 1.00499700 -3.29422600
3.30809800 -2.28247400 0.81721300
2.37915100 -2.45887500 0.26190500
2.97947200 -2.38688300 2.32235600
2.68634000 -3.41356600 2.57717000
3.85271700 -2.12587200 2.93555100
2.15341300 -1.71636500 2.58137400
4.32491600 -3.37883900 0.42787500
4.60919400 -3.31587800 -0.62903200
5.24280700 -3.29574900 1.02547600
3.89442400 -4.37269300 0.60930900
-1.85935200 -2.26133600 -0.20637500
-1.78184800 -2.87913300 1.06986300
-2.97979900 -3.24853000 1.70233100
-2.94311600 -3.71689600 2.68306300
-4.22043800 -3.02807700 1.09337000
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-5.13776600
-4.27729500
-5.24406600
-3.10871400
-0.43173300
0.25115400
-0.48628500
0.52873600
-0.94170100
-1.05690600
0.12399400
1.09210200
-0.56653500
0.27346300
-3.23753100
-2.23617400
-3.82382700
-3.86925500
-4.83683100
-3.18458700
-4.10091200
-4.06558700
-3.75565700
-5.15232300
3.42620600
4.05938400
3.95545800
3.28069800
2.07102900
1.06368000
1.32860500
-0.14964200
-0.89144100
-0.18564800
-1.46324700
-1.59843300
0.87081800
0.12912900
0.26418200
-0.93807600
0.55896500
2.37376900
2.61085200
2.69705500
2.93976500
-1.78722600
-2.22641000
-3.20457100
-1.49038000
-2.30246500
-0.48411000
-0.07844500
-0.72537200
0.27947100
-2.95487400
-2.95076800
-1.95973200
-3.62873100
-3.31117800
-4.33145700
-4.47623200
-4.50175400
-5.10395800
-0.48149400
1.90292300
-0.63554700
0.43243100

-3.31932800
-2.43210400
-2.25928000
-2.03489100
-3.18929700
-2.38091200
-3.23260800
-3.31735400
-2.32038200
-4.09710000
-4.51847300
-4.75460400
-5.34720300
-4.45905300
-1.35291600
-1.22391600
0.06079600
0.58266200
0.01378500
0.64900500
-2.16813300
-1.70367400
-3.20586000
-2.19474800
-1.46080800
-0.58699600
-2.34176000
-1.60463400
-1.32502200
-2.19574300
-2.79975300
-2.52736100
-3.73804500
-4.44852100
-4.23679100
-3.43266800
1.39404300
0.82827700
1.52357500
0.70525200
-0.14088000
1.33246000
1.80327000
0.28868300
1.83032100
3.74169800
4.91938500
4.75672300
5.10797600
5.82448800
4.15962000
3.33855000
4.99448100
4.50070500
1.86651900
0.34388600
-0.05337900
0.11476200
-0.19850400
2.18779300
3.25585500
1.63368100
1.87284000
0.86817500
-0.48958300
-1.83930200
-0.10387300

1.60265600
-0.16819500
-0.63860300
-0.84339900

1.70281800

1.41547900

3.24059100
3.64617300

3.64513700

3.60747400
1.13944600
1.60044100

1.34805100
0.05505900
-2.20078500
-2.62659100
-2.02280300
-2.98663000
-1.59838500
-1.35542600
-3.18884500
-4.18279200
-3.27793400
-2.87217600
-2.73787900
-2.56940700
-2.35342000
-3.81487300
-2.06364200
-2.52817600
-3.39270400
-1.90336800
-2.43505700
-2.87708900
-1.64611800
-3.21692400
2.50316300
3.69591500
4.53906900
3.52720200
3.98070200
2.72633700
3.69274000
2.78331800
1.93546200
-0.52549000
0.37312200
0.83774300
1.16493300
-0.24855000
-1.24439200
-1.84363600
-1.92044000

-0.53806500
1.71693900
1.99227000

2.22776500
2.82790400

1.11067600
1.09476000
0.90386800
0.16657200
1.81361900
-2.52794400
-1.02074700
-0.84854000
1.32883600

0.41953200 2.79991600 1.47868000
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-1.44958100 2.16527800 0.52935800

0.01654100 0.01715200 -0.34240800
-2.80472000 2.69232900 3.01215000
-2.95611900 3.75986800 2.81694300
-3.56590100 2.36659200 3.73804400
-1.81673500 2.58343200 3.46799700
-2.84235900 3.46264400 -1.61815100
-2.48871100 2.68229500 -2.29935400
-3.81448900 3.16951300 -1.21262200
-2.98804300 4.38657000 -2.19835900
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Figure S202. Optimized structure of 3g.
Below are presented xyz coordinates for optimized geometry of 3g:

-2.70485400 -0.37712000 -0.09323100
-1.27887000 -0.64425200 0.80697000
0.33995100 -0.03112000 -0.60980000
0.75718800 1.71251600 0.10097700
-0.32004900 2.62826000 -0.52741000
0.69367000 1.86981000 1.63344900
2.14470000 2.15003200 -0.40993800
-0.29653300 2.58296600 -1.62370300
-1.32547000 2.34362000 -0.18962800
-0.14254100 3.66949000 -0.21814600
1.42692600 1.24162500 2.14805600
0.90199500 2.91870800 1.89714600
-0.30211100 1.61766800 2.02054200
2.28954700 3.22033100 -0.19739400
2.95098400 1.60164000 0.09188600
2.24323800 2.00214600 -1.49351200
1.68855700 -1.29933700 -0.09672400
2.86740000 -1.16387700 -1.08841900
2.20458600 -1.20684900 1.35056300
1.04051000 -2.68673800 -0.32021700
2.51977800 -1.23998800 -2.12658900
3.39913000 -0.21312600 -0.97452800
3.58926200 -1.97507200 -0.90735800
1.38318300 -1.25527600 2.07655000
2.88572700 -2.04852100 1.55173700
2.76712700 -0.28093700 1.52016900
1.80674600 -3.46795300 -0.20382000
0.24170900 -2.88433700 0.40680300
0.61508600 -2.77202200 -1.32930600
-4.01824300 -0.68333600 0.59949800
-4.64926900 0.21826800 0.63755200
-4.57837600 -1.43951900 0.02773600
-3.87416000 -1.05138400 1.62164500
-2.85603300 0.14077000 -1.50097800
-3.32696500 1.13665600 -1.48609200
-1.89601400 0.21789300 -2.02142700
-3.52980800 -0.51709000 -2.07128600
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E.3.11. Reaction of 1 with cyclohexanone leading to 3h

-

Figure S203. Optimized structure of 3hrsi.

Below are presented xyz coordinates for optimized geometry of 3hsa:
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-3.04715900
-3.47943800
-4.73374600
-5.08773700
-5.53462700
-6.50459200
-5.08121400
-5.70356800
-3.83267000
-2.65666800
-1.62306600
-2.62376100
-1.93994900
-2.26220100
-3.61424100
-3.17693300
-2.55011300
-4.21101200
-3.15808900
-3.34983300
-2.27356300
-3.55613900
-3.13146300
-4.62082100
-3.06448300
-4.04908800
-3.87579300
-5.13414000
-3.66983200
1.86565600
1.61695100
2.71931700
2.55141400
4.03147700
4.86894900
4.25816100
5.27997800
3.19280200
0.20289800

-0.14244400
-1.48621800
-1.83565600
-2.85944900
-0.89654100
-1.18923600
0.41953600
1.14410200
0.81912600
-2.52859500
-2.16159300
-3.88822900
-4.56514500
-3.77724900
-4.36393900
-2.71136900
-3.43664600
-3.08436800
-1.76905400
2.25560500
2.27012000
2.74970600
3.75496100
2.81062700
2.09144000
3.23155300
2.95378700
3.23890500
4.25161400
2.23997700
2.99836100
3.40956400
3.97525600
3.11648400
3.42996100
2.45056400
2.26651900
2.01982700
3.44051300

-0.89818400
-1.04088300
-0.50564100
-0.61168000
0.15144100
0.55073600
0.30006500
0.82380900
-0.20361100
-1.79080800
-1.85268400
-1.06746100
-1.59439600
-0.03854200
-1.04888000
-3.23464800
-3.76964000
-3.22908300
-3.79139700
-0.00376200
-0.21339700
1.44330600
1.55737200
1.70515000
2.16799200
-0.97780200
-2.02197800
-0.80356600
-0.82849800
-0.15144400
1.02546000
1.79513700
2.70867500
1.40709700
2.02829300
0.20096500
-0.12884400
-0.60996100
1.39770900
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-0.45882300
0.06175900
-1.00091000
0.48989200
0.55460400
-0.27344800
-1.24678400
0.44139300
-0.39250100
3.51196800
2.56896200
4.27873900
4.46471700
5.24799500
3.68510600
4.33179700
4.42731700
3.87288200
5.34512300
-2.93243400
-3.06595300
-2.68761600
-3.87268300
-1.78308900
-0.73474300
-0.83638900
0.36970800
1.10376100
0.37986600
1.78366900
1.68436700
2.48366600
2.95685000
3.88589700
2.18450800
3.14862400
1.25186000
0.80863600
1.57483900
0.48475500
3.05009900
2.65808700
1.58267900
3.20007200
2.89446200
4.55240600
4.89910400
4.78691400
5.12921200
0.68553800
-1.78135200
0.75432900
-1.00336800
-0.05264700
1.95601800
-0.00938700
2.75064600
3.13536200
3.22499100
1.66797400
3.59125000
3.22991300
4.48925500
3.88172000
-1.36937400
-0.73516800
-2.56814900
-0.57414500

2.58456300
3.88564600
4.01205700
3.15786100
4.85216600
4.59686700
4.97155600
5.43057700
4.27104400
1.41034800
1.18236600
0.08483800
-0.34187400
0.23059300
-0.63072700
2.39755200
2.00612000
3.39162100
2.52033800
1.00995800
1.96935000
0.25542900
0.71643300
1.06728600
1.94395600
2.51081800
2.32055600
3.55149300
4.31740900
3.97409800
3.27856600
-3.58424000
-4.67882200
-4.41618600
-4.90162300
-5.59797700
-4.14170400
-3.40040600
-5.00956400
-4.47224000
-1.70685800
-0.29951800
-0.26027900
-0.06213500
0.46636900
-1.70676600
-2.67778600
-0.94350400
-1.47410500
-0.94300100
0.28038100
1.68714900
0.52946900
-2.20923600
-1.96314000
-0.32837500
-2.71197100
-3.71335600
-2.35956300
-2.78682300
-3.27022100
-2.56083500
-2.85391700
-4.20095300
0.02309700
0.47956600
-0.88394900
-0.67330400

1.22548600
2.86638100
3.11069000
3.56593300
3.04206500
0.48476700
0.82968700
0.50932700
-0.55233500
-1.97303700
-2.48240300
-1.84923600
-2.84308000
-1.35134000
-1.27366100
-2.83943900
-3.86114200
-2.88901100
-2.43338200
-3.51939800
-4.03012600
-4.28051000
-3.04375600
-2.53126000
-2.81772200
-3.74090200
-2.01139300
-2.52464700
-2.82613200
-1.78167300
-3.41540400
-0.72675000
0.25033500
0.76791900
0.99668300
-0.32513300
-1.47109800
-2.14171600
-2.06758500
-0.76144200
1.76631900
2.25499500
2.46013300
3.18307000
1.51039900
1.41824800
1.04653800
0.66879400
2.32675100
-2.73201300
-1.42921600
-0.89052600
1.18721100
0.83536900
0.19711900
-0.57773800
2.89660500
2.68318000
3.82625700
3.06503500
-1.75282000
-2.50496000
-1.27990300
-2.26474000
2.27653800
3.56735500
2.38590600
4.58327000
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-1.41823900 1.23665800 3.99192400
0.21061400 0.97981000 3.34356300
-2.44132100 -1.96791000 3.47949200
-3.40758500 -0.21049800 2.63879600
-2.79446100 -1.31273000 1.40635700
-1.91131300 -1.39850800 4.80503300
-0.18302400 -0.26577400 5.52499300
0.16914800 -1.38187300 4.19356200
-3.42333400 -2.43857700 3.62012300
-1.75088900 -2.73857700 3.11085200
-1.78096200 -2.21064500 5.53316500
-2.64456200 -0.69635600 5.23472100
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Figure S204. Optimized structure of 3hu.
Below are presented xyz coordinates for optimized geometry of 3hi:

3.10278300 -0.61273000 -0.63769800
3.80146500 0.41185400 -1.32118800
5.04083300 0.82454600 -0.79652900
558912800 1.62087700 -1.29802100
5.58146100 0.22739000 0.34540300
6.54277800 0.56108900 0.73319600
4.88813600 -0.80743500 0.98551400
5.32074600 -1.27489700 1.86849000
3.63827200 -1.24064300 0.51753500
3.27995400 1.04767800 -2.60493700
2.33402800 0.55794800 -2.86625600
2.98970600 2.55143200 -2.41577900
2.57630000 2.97320400 -3.34129000
2.26403500 2.70982900 -1.61028100
3.90962800 3.10075900 -2.16980200
4.27394100 0.84734800 -3.77251500
3.83033800 1.21408500 -4.70754000
5.20307200 1.40751200 -3.59913900
4.54253600 -0.20778800 -3.90678000
2.89475000 -2.37809500 1.21114700
1.84865100 -2.32375500 0.88771900
2.91859800 -2.25621900 2.74659700
2.35893500 -3.08658000 3.19496400
3.94048500 -2.29833300 3.14661100
2.45409300 -1.31809000 3.06913900
346173100 -3.74864600 0.77296300
3.38635900 -3.88534300 -0.31201700
451989700 -3.83928700 1.05502400
2.90469200 -4.56194100 1.25740700
-2.18742800 -2.02735600 0.22286400
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-2.14525600
-3.36189600
-3.34736200
-4.58883600
-5.52130900
-4.60967700
-5.56488500
-3.42058800
-0.81704700
-0.06567300
-0.84256200
0.17329900
-1.21885700
-1.46918700
-0.39915000
0.54134600
-1.16970400
-0.24942100
-3.50862800
-2.49756700
-4.04272100
-4.05651000
-5.06406900
-3.39082500
-4.39424400
-4.31881100
-4.10557600
-5.45038900
2.98851800
2.88959900
3.09930500
3.90083700
1.76173200
0.60925000
0.68707700
-0.57866100
-1.43023800
-0.77759300
-2.15425600
-1.97849900
-1.92623000
-2.24250800
-3.21681400
-1.46444500
-2.25926700
-0.63951700
-0.27482500
-0.88714600
0.16191100
-3.00066600
-3.01333900
-2.00913100
-3.56572300
-3.51164300
-4.42237700
-4.55082000
-4.69293000
-5.13450400
-0.31082900
1.80900000
-0.94281300
0.63833100
0.37684200
-1.70104200
0.15213000
-2.66004900
-2.77194700
-3.34450700

-2.36965800
-2.55066200
-2.81101500
-2.40317700
-2.53800400
-2.08795500
-1.98702200
-1.90858900
-2.61937400
-1.98656200
-2.24042200
-2.29053100
-1.22029600
-2.92485300
-4.09804300
-4.29873200
-4.76938300
-4.34466400
-1.61242800
-1.64192100
-0.18926300
0.04844700
-0.08396800
0.53049100
-2.63602300
-2.47280300
-3.67159500
-2.52136700
-2.51045400
-3.52573600
-1.81748500
-2.44076600
-2.11779800
-2.89278700
-3.73426500
-2.85871900
-4.11328600
-4.99294700
-4.22755100
-4.07907100
3.42600600
4.75641600
4.75673600
4.99896200
5.55665200
3.66761400
2.75817100
4.40262300
4.08951100
2.20248300
0.82800300
0.44985900
0.90059700
0.08679300
2.42205300
3.40201700
1.64435500
2.36021100
0.30170900
-1.06169700
-1.85033700
0.00270700
2.46945400
1.98014800
-0.00928300
3.32331400
4.31821000
3.25426600

1.59668000
2.27678800
3.33304300
1.62169800
2.16747500
0.25998800
-0.25357800
-0.46959700
2.30035900
1.81643400
3.79280700
4.20360100
3.93521600
4.38144500
2.12245600
2.65207500
2.52600900
1.06475200
-1.96393800
-2.38692400
-2.19696700
-3.26832100
-1.80383700
-1.69258300
-2.71055600
-3.79369800
-2.49399200
-2.43136200
-2.73139200
-3.12710000
-3.57618400
-2.12957100
-1.93694200
-2.07881500
-2.76291400
-1.30836500
-1.45225800
-1.47988800
-0.64304900
-2.40243800
-1.51521700
-0.79946100
-0.30123300
-0.06490300
-1.55492600
-2.33914000
-2.82098600
-3.12075000
-1.72271700
1.17923600
1.88300600
2.09575900
2.83173200
1.25280000
0.61412400
0.14305600
-0.10860900
1.45136400
-2.83553800
-1.09503000
-0.49326400
1.24840500
0.30843200
-0.22461500
-0.54737100
2.17953800
1.73938600
3.03933900
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-1.63555200 3.23509100 2.54923500
-3.05087000 3.05861100 -2.50580000
-2.75829300 2.19523800 -3.11236300
-4.00162900 2.83583600 -2.01016600
-3.21487100 3.91263600 -3.18049400
0.90086000 1.33325200 1.75525200
0.30200500 1.49288000 3.15903600
243322600 1.53148500 1.85205600
0.67847700 2.83886600 3.80740100
0.70570100 0.66650500 3.76775900
-0.78288900 1.36932600 3.13631800
2.82608800 2.86983300 2.49985400
2.82864800 0.69963800 2.45153600
2.88005800 1.45145400 0.85574800
2.20296100 3.01350000 3.89684000
0.21560600 2.90423600 4.80220700
0.26575900 3.66269200 3.20421300
3.92235800 2.93134200 2.54916700
248491300 3.69863200 1.85994200
2.45079000 3.99156100 4.33289600
2.62125200 2.24406800 4.56623600
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Figure S205. Optimized structure of 3hrs2.
Below are presented xyz coordinates for optimized geometry of 3hsz:

2.78528700 -0.89954600 -0.94413700
3.40505300 0.18995000 -1.60985800
475199200 0.45859900 -1.30879900
5.25461500 1.28322300 -1.80776800
5.45634500 -0.30121000 -0.36669900
6.49775200 -0.06941200 -0.14858600
4.81269000 -1.34320800 0.30436800
5.35517800 -1.91740900 1.05492400
3.47142200 -1.66477400 0.03033500
2.64015800 1.04374400 -2.61790100
1.62672700 1.17638300 -2.21069100
3.24470700 2.44730000 -2.79039100
2.58940800 3.04737900 -3.43244300
3.34009100 2.95813400 -1.82422500
4.23082500 2.41068300 -3.27460400
2.49029000 0.35648900 -3.99275400
1.99406000 1.04151400 -4.69211700
3.47296000 0.08852800 -4.40655100
1.86865000 -0.54097000 -3.92597500
2.80279100 -2.79684100 0.80708600
1.78258300 -2.92052300 0.42460600
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2.69871400 -2.43941400 2.30552000
2.28410600 -3.28479700 2.86990400
3.68787800 -2.20908600 2.72450000
2.04510500 -1.57230800 2.44608900
3.55124800 -4.13850000 0.64130100
3.67872400 -4.40863600 -0.41366400
4.54988000 -4.09271600 1.09648600
2.99300900 -4.94388700 1.13696000
-2.39345400 -1.92666000 0.43503700
-2.20879200 -2.21588300 1.81313400
-3.32590200 -2.14877900 2.66107300
-3.20477300 -2.35996100 3.72094200
-4.59291500 -1.81639000 2.16838900
-5.44528000 -1.76582600 2.84412100
-4.75905000 -1.54849800 0.80809600
-5.74555600 -1.28824200 0.42744800
-3.67313300 -1.59521100 -0.08524500
-0.84725700 -2.64693200 2.34188100
-0.09168400 -2.10333800 1.76259600
-0.64279000 -2.29493000 3.82637800
0.39599100 -2.49282300 4.11578800
-0.85430600 -1.23477300 4.01266300
-1.28481800 -2.89734300 4.48402600
-0.64124400 -4.16192800 2.10688400
0.33552100 -4.47967100 2.49502100
-1.41992200 -4.74393200 2.61887200
-0.67440600 -4.40661400 1.03876500
-3.91226500 -1.25934800 -1.55291200
-2.99133600 -1.45441400 -2.11361800
-4.20786800 0.24504700 -1.70541600
-4.32262500 0.50918400 -2.76393900
-5.12861200 0.51968500 -1.17118500
-3.37470100 0.83196900 -1.30409600
-5.05882600 -2.09326200 -2.16653900
-5.11614700 -1.90677300 -3.24677200
-4.91616700 -3.16943200 -2.00704500
-6.02896300 -1.81927700 -1.73035100
244609300 -2.93761400 -2.81172800
2.90465200 -3.74560700 -2.22776100
2.09438300 -3.36722900 -3.75661500
3.21840700 -2.19204500 -3.01454100
1.26717800 -2.34761000 -2.05607800
0.05737000 -3.06754700 -2.14156000
0.06047900 -3.90910700 -2.83005900
-1.07255800 -2.96470900 -1.31344200
-2.09706900 -4.07874400 -1.40281000
-1.61205800 -5.01473400 -1.69797900
-2.61723100 -4.22321900 -0.45066700
-2.85137800 -3.83495300 -2.16178800
-1.31901400 3.65366300 -1.50591600
-1.38929000 5.08016200 -0.91678300
-2.29028200 5.24776400 -0.31716900
-0.51049500 5.29439500 -0.29534300
-1.40719900 5.80142500 -1.74800800
-0.10646800 3.59930700 -2.46295500
0.04449000 2.58950400 -2.85674400
-0.31398400 4.27283400 -3.30886100
0.81376000 3.93555900 -1.97460400
-2.38372200 2.67660000 1.28873700
-2.58255900 1.30709200 1.98047600
-1.64406800 0.79781900 2.21440900
-3.15134800 1.44129800 2.91270600
-3.15815100 0.63814100 1.33032000
-3.77447600 3.10543500 0.77206700
-3.76960100 4.09472600 0.30360800
-4.19229800 2.37967100 0.06763000
-4.45261900 3.15276900 1.63843100
-0.90593200 0.16768000 -2.80099300
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1.42917500 -1.26239300 -1.27541600
-1.24336800 -1.95072000 -0.43940300
0.46836900 -0.01729200 1.03849200
1.00643900 2.77483500 0.39155600
-1.08094400 2.34597300 -0.11100200
-0.19631700 -0.21166300 -0.54074600
-1.87803000 3.75595500 2.26880700
-1.89963800 4.74845400 1.80518300
-2.53360300 3.77762300 3.15314600
-0.85075400 3.57626000 2.59837300
-2.57781600 3.34488800 -2.34567200
-2.48344600 2.36729700 -2.82901700
-3.50112800 3.36657600 -1.76045000
-2.66274100 4.11122600 -3.13122600
1.37355500 1.59375200 1.69644900
0.77594900 1.53341800 3.08865000
2.85961400 1.26727200 1.74870000
1.47558500 2.57905900 3.99601100
0.95225300 0.52790700 3.49854600
-0.29908800 1.70704100 3.08206800
3.60148100 2.28303400 2.65858400
2.98092200 0.26272300 2.17017400
3.29904200 1.26729100 0.74825100
2.98918000 2.31938100 4.06760600
1.02350600 2.53836700 4.99735600
1.29128600 3.58517900 3.58985800
466417800 2.00487700 2.69999200
3.54027900 3.28100400 2.20010600
3.48059200 3.09067300 4.67776600
3.16566700 1.35234100 4.56577700
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Figure S206. Optimized structure of 3h.
Below are presented xyz coordinates for optimized geometry of 3h:

0.99216900 0.04771900 -0.53444800

-0.46935200 0.20509800 1.15506600

2.10148800 1.55817900 -0.11291300

3.10947300 1.74421900 -1.27085900

2.84838900 1.50832200 1.23211000
2.59338300 1.79424800 -2.23815200
3.65991000 2.68654600 -1.12569700
3.84397900 0.93297800 -1.31663000
2.16157100 1.33260400 2.06968500
3.61550100 0.72467000 1.23858200
3.35702800 2.46964600 1.40565200

1.88082500 -1.59256700 -0.04732100
3.23060400 -1.67962300 -0.78746000
0.93702500 -2.68958800 -0.59555600
3.97093900 -0.99355600 -0.35854500
3.63167000 -2.70055600 -0.69463800
3.12213700 -1.45268400 -1.85637800
-0.04335800 -2.65099700 -0.10191000
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0.78459800 -2.58357200 -1.67728900
1.37404900 -3.68092200 -0.40145000
-1.93443400 -0.30246700 0.44467000
-2.21943900 -0.71264400 -0.98013800
-3.17349700 -0.29184200 1.32234600
-3.31135400 0.20054100 -1.59597000
-2.59276900 -1.75169100 -0.97704700
-1.30839400 -0.68402600 -1.58804300
-4.26275600 0.62757700 0.71411200
-3.57474100 -1.31869500 1.37874000
-2.92790200 0.02357100 2.34483100
-4.58426300 0.21960600 -0.73337600
-3.53745400 -0.14428000 -2.61462000
-2.90588200 1.21987600 -1.67943800
-5.16572900 0.58760500 1.33942400
-3.89671800 1.66501700 0.73285300
-5.32546300 0.90679400 -1.16554200
-5.03930000 -0.78416900 -0.73489900
1.14400300 2.77396100 -0.12089600
0.55566400 2.81348300 -1.04772200
0.44704600 2.74792600 0.72718400
1.73322700 3.70061200 -0.04887400
2.09562800 -1.84395200 1.45848700
2.55775500 -2.83411100 1.59694700
2.75345400 -1.09863000 1.91576500
1.14339500 -1.83827200 2.00453300
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E.3.12. Reaction of 1 with acetophenone leading to Z-3i

Figure S207. Optimized structure of Z-3irsi.
Below are presented xyz coordinates for optimized geometry of Z-3itsa:

3.28744800 0.17459100 -0.08180300
3.83421100 1.35696900 0.48355300
489767600 1.21813800 1.39486600
5.33223400 2.11131000 1.83957100
5.41802200 -0.03611500 1.72908500
6.24644600 -0.11454200 2.43152700
4.87186200 -1.18837000 1.15397700
5.28102200 -2.16333400 1.41525600
3.79656200 -1.11091900 0.25392400
3.36323500 2.75173200 0.08140400
2.37159600 2.65479400 -0.38061100
3.23395200 3.70427600 1.28579100
2.81824400 4.66237900 0.95003000
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2.56378100
4.21034500
4.32211000
3.94920600
5.32617400
4.41331300
3.21859900
2.25413800
2.96826200
2.54650000
3.89823000
2.26239300
4.14383700
4.31056000
5.12212900
3.69875400
-1.68554300
-1.68761100
-2.92997100
-2.95672600
-4.13382100
-5.08311000
-4.10418800
-5.03607800
-2.89055900
-0.38523100
0.27639800
-0.57449500
0.40856500
-1.11931800
-1.10916400
0.32667500
1.17453800
-0.36069700
0.72040500
-2.91433500
-1.88217100
-3.65641500
-3.69012300
-4.68873500
-3.12779400
-3.56583300
-3.43667000
-3.13140600
-4.64417700
3.83188700
4.61547100
4.06434400
3.83315800
2.45188300
1.48353300
1.80882100
0.18410900
-0.46865800
0.27403300
-1.28899500
-0.86706400
0.59317700
-1.66376700
-2.13386600
-3.16181800
-1.47066600
-2.08920200
-0.25162300
0.18789800
-0.33053500
0.41631500
-3.06124500

3.28877600
3.91197400
3.37323300
4.35871400
3.50267400
2.74817100
-2.38894000
-2.13134200
-3.48556000
-4.37497600
-3.79345600
-3.15430800
-2.94849900
-2.21629700
-3.22203400
-3.84655400
-1.58154900
-2.88082000
-3.50170200
-4.48771600
-2.88565000
-3.38063900
-1.65362600
-1.19759200
-0.99144700
-3.62384300
-2.90784800
-4.85041200
-5.24302800
-4.61509600
-5.65720500
-4.10312200
-4.74940200
-4.68507700
-3.27020900
0.27685900
0.60994600
1.43521500
2.30970200
1.15337300
1.72355400
-0.00464300
0.86542000
-0.88182600
-0.18469300
0.29250000
0.22866500
-0.39445900
1.31306200
0.01770100
-0.43618600
-0.51859000
-0.94172900
-1.60359800
-2.17082300
-2.26799200
-0.81961900
-1.10452800
4.20260400
4.88301600
4.62835800
4.61915700
5.97452300
4.74646300
4.28226000
5.83187000
4.57561600
1.66858400

2.04731800
1.74547800
-0.96139200
-1.27007100
-0.53299200
-1.85474400
-0.35112700
-0.80486500
0.70418700
0.21981900
1.20010700
1.47313800
-1.45673800
-2.25276500
-1.03743300
-1.90565200
-1.63067300
-1.04701000
-0.82107500
-0.36271800
-1.18221700
-0.98290400
-1.83755400
-2.17015700
-2.09669800
-0.73336700
-0.22928800
0.18246300
0.46935900
1.10308600
-0.33869400
-2.02283800
-1.75823600
-2.65147200
-2.61066300
-2.94812200
-3.10440200
-2.26118900
-2.92340000
-2.00939000
-1.34655400
-4.32443000
-4.98193100
-4.81796300
-4.21632500
-2.88541000
-2.12555200
-3.70598800
-3.29395000
-2.31699400
-3.21504800
-4.25000200
-2.95954300
-4.16396500
-4.73566500
-3.88260700
-4.82201400
2.21773600
0.42337800
1.72623300
2.00216100
2.55984800
1.58740600
0.12314400
-0.76312000
-0.04644900
0.97485600
1.68388300
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-3.09593600 0.16505100 1.35902100
-2.10281200 -0.27134800 1.51152100
-3.80128100 -0.35419500 2.02519300
-3.39254700 -0.02141600 0.32161000
-4.41406900 2.28474700 1.27132400
-4.49389000 3.34755300 1.52187300
-4.60756800 2.16492500 0.20021900
-5.21404000 1.75769000 1.81438100
0.17969300 2.23411200 -2.18428500
2.18627500 0.23735800 -1.00506600
-0.44012100 -0.86645700 -1.77306800
0.45162900 -1.05960200 0.96217600
0.23620400 1.82829500 1.65907400
-1.56468600 2.28798900 0.62899900
0.26896400 0.69961800 -0.40141800
-2.82747200 1.84814300 3.19621700
-2.80785900 2.90326700 3.48951600
-3.64063500 1.35213300 3.74968700
-1.87423400 1.39211500 3.49326300
-2.59965400 4.53830500 -0.75636500
-2.21353200 4.10107600 -1.68433600
-3.62016900 4.17138500 -0.59517400
-2.65071700 5.63106900 -0.88186600
-0.42743400 -1.79400900 3.03785800
-1.51733400 -2.41789100 2.39557700
-0.34311100 -1.84553700 4.44849500
-2.50050900 -3.07418500 3.13708300
-1.58284800 -2.36842500 1.31314600
-1.33067800 -2.49892400 5.19064600
0.48347500 -1.36805000 4.96737700
-2.41121500 -3.11467800 4.53707700
-3.33658100 -3.54482300 2.62311000
-1.26220700 -2.52623000 6.27625000
-3.18010600 -3.62047600 5.11864200
1.84878600 -0.60501200 2.88768600
247428300 -1.47120700 3.15388000
2.41098200 0.03961700 2.21395600
1.61335800 -0.05534100 3.80354200
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Figure S208. Optimized structure of Z-3ir.
Below are presented xyz coordinates for optimized geometry of Z-3i:

-3.33340200 -0.00581800 -0.40097400
-3.77962300 -1.17971500 -1.06214600
-4.92189100 -1.82138100 -0.55275300
-5.29099900 -2.71979700 -1.04205200
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-5.57445400
-6.45212600
-5.08173000
-5.57363700
-3.95525300
-3.02367100
-1.95886200
-3.12772000
-2.43241900
-2.85993300
-4.13676500
-3.42434800
-2.90688600
-4.50798900
-3.13259300
-3.42050700
-2.54135100
-2.96317800
-2.62699500
-3.78628600
-2.13424400
-4.46289600
-4.81473300
-5.33949600
-4.02341000
1.61953500
1.64494900
2.88037400
2.92733100
4.05444500
5.00242300
3.99799000
4.90562300
2.78656000
0.35896500
-0.23007000
0.61162800
-0.33351800
1.31774800
1.01278600
-0.48342300
-1.35916900
0.11098200
-0.84603600
2.77762700
1.74213400
3.54186400
3.48959900
4.60001600
3.09052400
3.37625400
3.22436300
2.92282700
4.45770800
-3.91298600
-4.48641600
-3.89669500
-4.44056200
-2.49512900
-1.53147800
-1.86304700
-0.26559400
0.32241200
-0.46657300
1.13254600
0.71018800
-0.55717200
2.14242800

-1.34411200
-1.86318000
-0.21757700
0.12884600
0.47360000
-1.75522300
-1.52754200
-3.28845300
-3.65317300
-3.75880200
-3.61784100
-1.10008400
-1.60221300
-1.17902700
-0.04538000
1.67712100
2.05592900
1.26560700
2.14969500
0.80718500
0.55408400
2.81349500
3.13561800
2.49445400
3.68380900
2.40735500
2.67410800
2.99178100
3.18881000
3.06416200
3.29764800
2.85382000
2.94078400
2.54234000
2.69180700
1.81144300
2.63959600
2.45522400
1.84816000
3.59452700
3.95372000
3.99172900
4.86210400
3.96046000
2.40591400
2.27524300
1.14882300
1.02794700
1.20661900
0.26823100
3.65341300
3.58638600
4.58526000
3.72062300
2.12878800
2.60521200
2.81272900
1.21092900
1.84674900
2.83269500
3.68403700
2.98697000
4.38207300
5.12958300
4.58306300
4.49641100
-1.69118800
-2.82487700

0.59034200
0.97226800
1.25561100
2.16390600
0.77779700
-2.25682400
-2.09891200
-2.34531300
-3.11123900
-1.39111000
-2.63039800
-3.59501400
-4.42237400
-3.76215200
-3.62268800
1.55028900
1.01592700
2.96730700
3.52498200
3.53200400
2.91217800
1.64839200
0.66107100
2.22840300
2.15356600
0.07700000
1.47075800
2.06106800
3.12907400
1.30335600
1.78522400
-0.07573800
-0.67162100
-0.71916600
2.29494600
2.00206400
3.81498400
4.34041300
4.09223900
4.18291500
1.98455200
2.64601200
2.15238000
0.95250800
-2.23901900
-2.57344800
-2.68086000
-3.77034200
-2.38845300
-2.21464500
-2.92973700
-4.01522200
-2.57181900
-2.74976800
-2.09229200
-1.28737400
-2.94743600
-2.36572500
-1.63330300
-1.86801900
-2.45796300
-1.25531600
-1.42017500
-1.28087300
-0.71648500
-2.44049100
1.48200200
-2.30795000
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2.79982300
3.81629000
2.19477200
2.86282900
0.82022200
0.23698600
1.08787400
0.19883800
3.31647800
3.11805600
2.12217900
3.85418700
3.26412900
4.66344800
4.91794500
4.67817900
5.45366200
-0.05284900
-2.21248900
0.36691400
-0.58383800
-0.05157700
1.83549800
-0.32070600
3.35128800
3.60037300
4.12096900
2.39520400
3.03363600
2.51295800
3.99095700
3.24797500
0.21949900
0.55263600
0.50033300
1.18247800
0.31713800
1.12417400
0.24350300
1.47369600
1.44191600
1.34421700
1.96431600
-1.99882600
-2.44812600
-2.62082500
-1.96466500

-4.13633300
-3.99011700
-4.61858400
-4.82216000
-3.22116000
-2.35131200
-3.80047100
-3.85877300
-1.74228400
-0.51986800
-0.50022600
-0.55522200
0.40980300
-1.55590400
-2.40191900
-0.63740600
-1.47196700
0.08393100
0.72644000
2.03323100
-0.28966100
-2.55626800
-1.62200000
0.00729200
-3.03393000
-3.91345900
-2.92637200
-3.21149700
-2.12653800
-1.26658400
-1.79027900
-2.84260700
-1.94749800
-0.88932200
-3.26535900
-1.13338000
0.12127500
-3.51328700
-4.09527500
-2.44619400
-0.29708700
-4.53804500
-2.63873200
-2.19605800
-1.62352000
-2.09646500
-3.25281900

-1.82930300
-1.45091100
-1.05157000
-2.68785000
-3.00781700
-3.31920900
-3.90514600
-2.36890200
0.41866100
1.33940000
1.78848500
2.15610900
0.78257100
-0.31449000
-0.96213400
-0.91042000
0.44715900
-3.03027900
-0.93480700
-0.54269800
1.13876500
-0.15192600
-0.80295900
-0.68921500
1.25451700
0.65420900
2.03438700
1.75147900
-3.35570800
-3.78912200
-2.94331400
-4.16371400
2.75947800
3.61615600
3.16723100
4.84481300
3.30113300
4.39533700
2.50829500
5.23905200
5.49296300
4.69094000
6.19161600
1.73651900
2.55554700
0.84451000
2.02560300
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Figure S209. Optimized structure of Z-3irsa.
Below are presented xyz coordinates for optimized geometry of Z-3its2:

-3.21316100 -0.03810900 -0.35964500
-3.60958000 -1.17791500 -1.10669200
-4.70410800 -1.92077100 -0.62969500
-5.03545600 -2.79576700 -1.18324400
-5.36613500 -1.56962400 0.55355300
-6.20783500 -2.16508100 0.90369700
-4.93111900 -0.46622200 1.29148900
-5.43359300 -0.20950300 2.22363300
-3.85272400 0.32149700 0.85148100
-2.87416200 -1.58896500 -2.38013200
-1.80537500 -1.40545300 -2.19600000
-3.02859400 -3.08593700 -2.69877200
-2.37889000 -3.34505000 -3.54298000
-2.73931200 -3.70594500 -1.84133700
-4.05823500 -3.33776100 -2.98987100
-3.27400200 -0.74117200 -3.60762600
-2.77219800 -1.13375600 -4.50137600
-4.35996600 -0.77779300 -3.77474100
-2.96010400 0.30040200 -3.49413200
-3.40161500 1.51307000 1.69335900
-2.56655900 1.99935700 1.17519600
-2.88830700 1.04932400 3.07313800
-2.62113000 1.91701500 3.69025300
-3.65743900 0.47913700 3.61137900
-2.00158300 0.41799100 2.96076400
-4.53117100 2.55067800 1.88079000
-4.94136000 2.88683400 0.92143500
-5.35850900 2.13023900 2.46845500
-4.14962900 3.42950600 2.41759700
1.52999100 2.56985500 0.24428800
1.57800000 2.65610600 1.66251600
2.82874200 2.85024900 2.26983300
2.89447500 2.90922300 3.35315600
3.99779000 2.96874000 1.50829900
4.95809500 3.10593700 2.00278400
3.92599500 2.92115000 0.11553800
4.83401700 3.03134700 -0.47546000
2.69896600 2.73182300 -0.54659300
0.30023800 2.58869800 2.49218900
-0.29420300 1.75531700 2.09178800
0.56473500 2.33107900 3.98706300
-0.38038200 2.11160700 4.49842600
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1.24262200
1.00488700
-0.52825800
-1.41686800
0.06760500
-0.86984500
2.67800900
1.63770300
3.39475800
3.33004500
4.45536300
2.91386400
3.31195700
3.16804200
2.87165200
4.39268600
-3.97283600
-4.50755700
-3.99603100
-4.50677100
-2.52827200
-1.66380700
-2.08890400
-0.40474600
0.15814800
-0.64824900
0.91511400
0.62315700
-0.48769700
1.89157300
2.59019400
3.62277700
2.03870400
2.62149900
0.53263100
-0.05309900
0.73743900
-0.05905600
3.22655500
3.06454000
2.16010700
3.93063600
3.02810000
4.48473100
4.72600500
4.40065500
5.33295400
0.08148200
-2.15175800
0.26577500
-0.30124300
-0.11549500
1.59372700
-0.15220100
3.42975800
3.63429500
4.29129900
2.55701900
2.72129100
2.18316500
3.70864400
2.87041300
0.35419300
0.49231900
0.86838600
1.16644900
0.09494000
1.53409600

1.48378800
3.21330700
3.88770300
3.84276200
4.75994700
4.03775100
2.72800000
2.66086300
1.48386900
1.45806800
1.47804200
0.57886000
4.01172200
4.03607500
4.91978300
4.04287400
2.17219400
2.74007800
2.76257000
1.23226600
1.95157800
3.04987500
3.90265300
3.26077800
4.66704500
5.40055300
4.84795200
4.82205700
-2.24717400
-2.72078200
-4.07751800
-3.96352700
-4.68736400
-4.62487500
-3.00286600
-2.08620400
-3.41416900
-3.73800800
-1.83886500
-0.69933400
-0.80947800
-0.69893100
0.27530800
-1.53018100
-2.32800900
-0.58358400
-1.44012500
0.48162800
0.80490300
2.28752600
-0.31570900
-2.97381200
-1.79954200
0.30652000
-3.18557700
-3.99821900
-3.09746200
-3.45736900
-1.85647600
-0.93760500
-1.59684500
-2.43368900
-2.31722500
-1.23705600
-3.57398700
-1.39532000
-0.27247300
-3.73467700

4.14035400
4.47303200
2.34269600
2.98625300
2.64421100
1.31402400
-2.07148700
-2.40798200
-2.62382700
-3.71873600
-2.33505500
-2.23999700
-2.65425800
-3.74241200
-2.22467300
-2.46071600
-1.86813400
-1.09641700
-2.79135500
-2.02337500
-1.45011200
-1.63026800
-2.15444500
-1.04684200
-1.13164000
-1.02424300
-0.36328200
-2.11371600
1.40344800
-2.58261400
-2.34442300
-1.99719600
-1.61759800
-3.29882400
-3.26396700
-3.38296100
-4.26448900
-2.70818000
0.12602300
1.15475800
1.75635000
1.83348000
0.65369100
-0.71259000
-1.42313000
-1.25372900
-0.01643400
-3.00444500
-0.85179000
-0.39523500
0.97999900
-0.19470500
-0.91397600
-0.62266500
0.84242100
0.13803100
1.52251400
1.43826000
-3.55756600
-3.80900200
-3.16605800
-4.48290200
2.64415400
3.53483600
3.02545400
4.75115800
3.23712800
4.24819300
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0.73210900 -4.42164800 2.35515400
1.69410600 -2.64389000 5.11344800
1.27904700 -0.54183600 5.41821500
1.92987300 -4.71239900 4.51861600
2.21817600 -2.76527000 6.05988700
-1.95704300 -2.38830700 1.77653800
-2.24278100 -1.58829500 2.46634400
-2.61150100 -2.37092200 0.90329400
-2.08810300 -3.33967500 2.31355400
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Figure S210. Optimized structure of Z-3i.
Below are presented xyz coordinates for optimized geometry of Z-3i:

2.95083100 0.11804800 2.18617700
2.13664300 -0.61612200 1.31754600
2.30964300 -0.52808800 -0.08046700
3.33152800 0.31016000 -0.57862400
4.13041300 1.06202700 0.29085300
3.94424100 0.96771800 1.67759700
2.80582500 0.02940900 3.26139800
4.89851500 1.71828600 -0.11493700
1.45901400 -1.31090400 -1.00971200
-0.24976000 -1.36463200 -1.10575400
-0.95158700 0.13293000 0.40743500
-1.26555300 1.63637100 -0.75985200
0.13748800 2.27094200 -0.90968000
-1.81610500 1.33019800 -2.16654000
-2.19491900 2.63701900 -0.04388700
0.57486600 2.52092800 0.06484500
0.82629900 1.59020900 -1.42532200
0.05986700 3.19236500 -1.50698500
-2.81260900 0.87908400 -2.13613400
-1.88674400 2.26930900 -2.73761700
-1.15158800 0.65231400 -2.71804600
-2.19196200 3.59111800 -0.59292200
-3.23029500 2.27661600 -0.01291100
-1.86248700 2.83550400 0.98369000
-2.61680200 -0.71074100 0.86943000
-3.23662400 0.08438800 2.04201400
-3.65011400 -0.87284300 -0.25982300
-2.22138900 -2.10752300 1.40602300
-2.51709400 0.20130900 2.86254800
-3.57095300 1.08151900 1.73628800
-4.11287500 -0.45926200 2.42750900
-3.22458400 -1.39318800 -1.12722000
-4.50443500 -1.46430300 0.10538300
-4.03948200 0.09723400 -0.59126000
-3.10588900 -2.59339300 1.84490300
-1.83954100 -2.75795200 0.60759300
-1.45167500 -2.03242900 2.18649300
1.36651700 -1.27328800 1.71213600
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3.47859400 0.39853700 -1.65377600
4.57046200 1.54581300 2.35467400
2.21453600 -2.15792900 -2.01992100
1.53175700 -2.72433100 -2.66344700
2.84755100 -1.52619900 -2.66050800
2.88518800 -2.85600900 -1.49839200
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E.3.13. Reaction of 1 with acetophenone leading to E-3i

Figure S211. Optimized structure of E-3irsi.
Below are presented xyz coordinates for optimized geometry of E-3itsa:

-0.80386500 -2.82156400 -0.68075500
0.38841700 -3.44022400 -1.14154700
0.74394800 -4.67930600 -0.58208100
1.64960900 -5.17597700 -0.92184900

-0.04380400 -5.28946100 0.40068000
0.24539200 -6.25618400 0.81019500

-1.18641000 -4.64016900 0.87314300
-1.77337000 -5.09941300 1.66623500

-1.58057600 -3.39020000 0.36295700
1.26574700 -2.78320300 -2.20082600
1.27741300 -1.70247600 -1.97527100
272922100 -3.25340600 -2.14011100
3.34096800 -2.63104400 -2.80314600
3.13183600 -3.16805700 -1.12325900
2.83740700 -4.29544400 -2.47295400
0.70674000 -2.95187300 -3.62835000
1.40229100 -2.51018400 -4.35318600
0.57136900 -4.01460800 -3.87314900

-0.25011600 -2.43451700 -3.74029400

-2.78531700 -2.67351800 0.97090000

-2.71101300 -1.61687900 0.68785400

-2.75671700 -2.75408000 2.51322000

-3.54774300 -2.12394300 2.93640800

-2.93336300 -3.77939600 2.86506000

-1.79285100 -2.41953200 2.91112700

-4.12986200 -3.23264900 0.45319500

-4.23833100 -3.10499100 -0.62837600

-4.21620700 -4.30446600 0.67993300

-4.96569200 -2.71285100 0.94129200

-2.32432000 2.36346500 -0.09137300

-3.47577800 2.34364700 0.74007500

-3.70112800 3.44261400 1.58966600

-4.58024400 3.44128200 2.23317500

-2.81154800 4.51795600 1.64108900
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-3.00030600
-1.66943500
-0.97609300
-1.40555200
-4.44893800
-4.12288100
-4.42565800
-5.10350000
-3.41612400
-4.75269000
-5.89082000
-6.54662600
-6.29468400
-5.93776800
-0.19927700
0.25312700
0.92751600
1.81629600
0.63051700
1.20617200
-0.62545900
0.23900200
-1.38042600
-1.04082400
-2.76054600
-2.42725900
-3.85239400
-2.34740500
-2.28489300
-2.96206900
-3.69180300
-2.91763900
-3.88994500
-4.89526700
-3.93486200
-3.54514600
-0.50383900
4.54913600
5.19746800
5.93507000
4.43968300
5.72256200
3.68442500
3.18522400
4.32588200
2.90314900
4.14420100
3.18871800
2.17635900
3.54479600
3.13660200
5.53456800
6.28201100
5.51273400
5.87105000
0.17401900
-1.22981200
-2.04298200
-0.99768500
1.68028200
3.36403300
-0.28521700
4.23646300
4.94012800
4.57923900
3.25464000
5.63650100
5.18373400

5.35527200
4.50870300
5.34484900
3.44487000
1.16801500
0.40948700
0.50990400
-0.35399400
0.16800100
1.21693100
1.59110800
0.71057700
2.28455800
2.08960400
3.48025600
2.46373100
4.40630900
4.25516600
5.46255400
4.18473700
3.85471900
3.81588300
3.16306700
4.87198500
-2.85884400
-3.74481100
-2.87118700
-2.91062700
-1.57274500
-0.39311300
-0.51418900
0.89825200
1.91582000
1.49080200
2.82288300
2.18865600
0.15306400
0.76865200
-0.53297200
-0.34298800
-1.22414500
-1.02845500
0.47003700
1.37394800
0.07397800
-0.26263600
1.58596900
2.45958000
2.03409900
2.49398500
3.48632500
2.25289700
1.61279700
3.22021100
2.43017300
0.61469900
-1.57608800
1.25052600
-0.11245600
0.28831600
1.63451100
0.21498400
0.19618400
-0.46251800
0.30698700
-0.29196400
1.78941800
2.72171900

2.31086800
0.83043800
0.87659600
-0.04584300
0.79429900
0.07376900
2.19056900
2.21350800
2.43557700
2.96500200
0.43380000
0.40476900
1.18380100
-0.54088500
-0.97515900
-0.99859200
-0.49088600
-1.11171700
-0.56148700
0.54564600
-2.41003300
-3.08334700
-2.79621100
-2.42025000
-2.77122500
-2.22581400
-2.85655700
-3.78790300
-2.11503700
-2.48702500
-3.28546500
-1.91633600
-2.48607600
-2.58314600
-1.87887700
-3.49363300
2.49003500
-1.59638000
-1.09714000
-0.30775700
-0.70980000
-1.92960200
-2.83819500
-3.20913200
-3.64113500
-2.61184600
1.41615400
2.26262800
2.25686300
3.30417000
1.87776100
1.39151100
0.90718900
0.87135600
2.42485000
-3.31979600
-1.26343100
-0.94453700
1.37733200
-0.05717100
-0.35192900
-1.13883700
2.07440000
1.55598500
3.11552500
2.08752000
-2.00690100
-2.36893100
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6.31579000
6.24015100
0.50243100
1.08299100
0.92597400
2.05893900
0.77936300
1.89802400
0.48264000
2.46617000
2.50623000
2.21521300
3.22931100
-0.88873400
-1.26537700
-0.00396300
-1.64867800
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Figure S212. Optimized structure of E-3ir.

2.03473800
1.36329100
-0.74765700
-0.48090300
-1.87986800
-1.33575100
0.39558200
-2.73477200
-2.07094800
-2.46353900
-1.12291000
-3.60289900
-3.12553200
1.43441500
1.23325100
2.07861800
1.96045600

-1.18354700
-2.82348000
3.09910900
4.35788700
2.36787900
4.88005300
4.92625500
2.89355800
1.39655900
4.14800800
5.84917100
2.31965700
4.55451200
3.20039900
4.21230800
3.29797200
2.62044600

Below are presented xyz coordinates for optimized geometry of E-3ii:

-1.03988500
-0.08537600
0.41649600
1.15949400
-0.02732900
0.36881300
-0.97839500
-1.30606100
-1.49182900
0.40189100
-0.15827800
1.89625400
2.20735900
2.07814900
2.52061000
0.15861400
0.41832400
0.78064500
-0.88861000
-2.50866800
-2.30653300
-2.36538600
-3.02828900
-2.65242500
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-2.66711600
-3.29389800
-4.54721900
-5.03957000
-5.17115400
-6.14497800
-4.53798300
-5.02129900
-3.27371100
-2.67475900
-1.74865000
-2.29508000
-1.77778600
-1.63154600
-3.19171900
-3.61506300
-3.10092200
-4.51774000
-3.93781400
-2.57924600
-1.50384600
-2.98546900
-2.36979400
-4.03386300

-0.99992700
-1.83875800
-1.44342500
-2.06932800
-0.27531900
0.00921700
0.53252700
1.44952900
0.20169200
-3.14391300
-3.31415400
-3.05761700
-3.97443400
-2.20468800
-2.93619800
-4.34615400
-5.28092500
-4.27655000
-4.40686300
1.10248100
1.02800800
2.58154900
3.20023400
2.74443700
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-1.33857300
-3.95640800
-4.12685700
-4.17912100
-4.66983700
-2.31964600
-3.30248300
-3.41853600
-4.16900100
-2.57192200
-2.67655400
-1.56315000
-0.88156900
-1.40707800
-4.14205600
-3.98413200
-3.64127800
-4.22329000
-2.58313100
-3.75995300
-5.65368600
-6.21260200
-5.87913200
-6.03173400
-0.29447900
0.13244500
0.88609600
1.68884400
0.58866200
1.29711400
-0.83838500
-0.02992200
-1.60728000
-1.26855900
-3.12516500
-2.53135200
-3.01512000
-4.17368100
-2.61618800
-3.29090900
-4.08613900
-3.17513900
-4.23218500
-5.05172000
-3.81432900
-4.65123000
0.77356300
4.28076700
4.98982700
5.89552400
4.31975000
5.29048600
3.13368900
2.50084500
3.55459400
2.48985600
4.69571800
4.17805800
3.21156900
4.88937300
4.08195200
6.10857200
6.59691600
6.08399600
6.73548800
-0.01768900
-1.55468500
-2.19446900

-2.84620400
-2.83650400
-2.44901200
-3.91247800
-2.34088700
2.49386800
2.39936400
3.46324200
3.40704700
4.57134900
5.38577200
4.61515500
5.46164600
3.57989800
1.14447600
0.46649400
0.42210400
-0.49280500
0.15706500
1.06773800
1.43660500
0.49425900
2.02382700
1.99634500
3.63186200
2.61041300
4.53330400
4.43603300
5.59053800
4.25800800
4.04455100
4.04376500
3.34904800
5.05397900
-2.41234800
-2.52239500
-3.33612900
-2.27732200
-1.21554900
0.01344200
-0.00611500
1.21700900
2.27905600
2.16655800
3.28265800
2.18151200
0.16059100
1.56941700
0.29737900
0.06728000
-0.56975800
0.44623700
1.88374700
2.70635400
2.17267100
1.01381700
0.43275500
0.60963900
0.11577200
0.14128400
1.67027600
1.05251000
0.88019700
2.13394000
0.58707200
0.85473700
-1.35668100
1.43407300

2.93581200
0.62240800
-0.38836400
0.62063100
1.29506500
0.25391500
1.26941300
2.18185600
2.96916900
2.11435300
2.82920600
1.14459100
1.12328400
0.20960100
1.48416200
0.63672200
2.75615300
2.92595700
2.65760200
3.63691900
1.59746900
1.66713600
2.49764600
0.73261900
-0.83373800
-0.93577500
-0.43047900
-1.16966200
-0.40678000
0.54768900
-2.21651300
-2.95731400
-2.56681800
-2.15904400
-2.92782400
-3.84543500
-2.35092800
-3.21035600
-2.15166000
-2.34086300
-3.08174000
-1.61481600
-1.84186400
-1.12121200
-1.71081000
-2.84868100
1.59785100
-1.47372600
-1.97540600
-1.40330600
-1.93554600
-3.02454900
-2.45172800
-2.09789500
-3.42719200
-2.60517600
1.39761800
2.84309900
2.98644000
3.54077600
3.11112200
1.33232800
0.36688700
1.52427900
2.10832500
-3.06138300
-1.33169500
-0.71008300
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-0.52476300 0.00201800 0.96122500
1.81223400 0.07190600 -0.02228000
3.50488700 1.48676800 0.28520300
-0.52576100 0.31829000 -0.86733300
4.75748000 -1.07646200 1.09376700
5.16623000 -1.28853500 0.10172000
5.40219400 -1.56665500 1.84053000
3.76102400 -1.53013500 1.15602100
5.25715800 2.77098700 -1.48103300
474237900 3.69364900 -1.18328700
6.11268300 2.62771200 -0.81295300
5.64654100 2.90895600 -2.50159500
0.98356600 -1.02726400 2.53248700
0.90159000 -0.90008300 3.93145800
1.23207700 -2.30229400 1.98893400
1.08897700 -2.01257500 4.76601500
0.70303100 0.07044900 4.38046400
1.42072400 -3.41336500 2.81767500
1.28156100 -2.41383500 0.90661300
1.35562100 -3.27242900 4.21246900
1.03042300 -1.89095600 5.84667400
1.61256000 -4.38730200 2.37130300
1.50796900 -4.13468400 4.85977500
0.75555200 1.52587600 2.28615000
-0.08692100 1.57912000 2.98898300
1.69052400 1.72882000 2.81801000
0.61643900 2.30580600 1.53281500
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Figure S213. Optimized structure of E-3irs2.
Below are presented xyz coordinates for optimized geometry of E-3its2.

-2.13803000 -2.18331800 -0.72456100
-1.50549400 -3.26492400 -1.39132100
-1.63947200 -4.55225500 -0.83753500
-1.15826200 -5.39299400 -1.33550400
-2.38133500 -4.76940500 0.32449100
-2.47842100 -5.77484500 0.73226600
-2.99714100 -3.68928000 0.96756000
-3.56148000 -3.86408400 1.88018300
-2.88314000 -2.38255800 0.46931500
-0.70781100 -3.09830000 -2.67946000
-0.73761100 -2.04261000 -2.97287200
0.77362400 -3.47121200 -2.45854900
1.35279100 -3.27177800 -3.36880200
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1.20469800
0.87791800
-1.29590600
-0.76839900
-1.17862000
-2.36506900
-3.55605200
-2.89855200
-3.70885800
-4.07334200
-4.43573000
-2.74968200
-4.92823600
-4.82928300
-5.59999700
-5.40087500
-1.04672800
-2.02885500
-1.75464600
-2.50559000
-0.53267900
-0.33541600
0.44857100
1.40777500
0.22146400
-3.33806000
-3.32701600
-3.44438200
-4.37943300
-2.60123500
-3.44959600
-4.56714100
-5.48750100
-4.64581900
-4.51075600
1.30465000
1.34216200
2.71235000
3.44875600
2.79967800
2.97628300
0.96941300
1.77186600
0.04568000
0.86535100
-3.72660700
-3.18834600
-4.05342200
-4.60162700
-2.80436000
-2.83712500
-3.50231300
-2.23324200
-2.66458400
-2.23045100
-3.75446600
-2.31863400
1.09384100
4.49610000
4.65207600
5.36393100
3.68880200
5.01972200
3.50250700
3.36152000
3.89495100
2.51605400
4.84653100

-2.88448000
-4.53705400
-3.94941300
-3.72598500
-5.02268700
-3.75568300
-1.21216400
-0.34456600
-1.44932000
-0.53673800
-2.24475000
-1.71911100
-0.89062000
-0.61057200
-1.75773900
-0.05034800
3.09980500
3.47935800
4.56949000
4.88165800
5.24237300
6.08468300
4.81377800
5.32473900
3.73671200
2.71767200
1.86009800
2.16608100
1.60373500
1.50091600
2.98003800
3.59035700
2.99726500
4.44010700
3.99120000
3.28599100
2.18129600
3.78325900
3.29619800
4.87060900
3.53856100
3.70165700
3.38071600
3.22952700
4.79384100
-1.31738900
-1.75554300
-2.13781600
-0.78588100
-0.36597800
0.98880500
1.21870600
2.10730900
3.47429800
3.63352900
3.52796300
4.27582400
-0.25361800
-0.89144800
-2.36396200
-2.49319600
-2.78594300
-2.95139600
-0.82422600
0.20324700
-1.42850900
-1.21386100
0.05259000

-1.63945500
-2.20996200
-3.82843800
-4.76507400
-3.62477300
-3.97813800
1.17608800
1.03737100
2.68943200
3.17438500
2.90718800
3.14416500
0.53982600
-0.51496100
0.60577800
1.06643800
-0.11826100
0.83004000
1.67448600
2.39936100
1.61226300
2.27360500
0.71052500
0.68720900
-0.16295500
1.00142500
0.31862900
2.43938400
2.55835400
2.65569500
3.17678100
0.66479800
0.75174200
1.35676600
-0.35378100
-1.14015700
-1.12766300
-0.76913500
-1.41697900
-0.90682500
0.26719800
-2.58850700
-3.26397300
-2.93202300
-2.65351100
-2.94777900
-3.79873500
-2.30079800
-3.33494800
-2.21403000
-2.60044100
-3.42961200
-1.98428600
-2.48391600
-3.48094600
-2.58363000
-1.82673200
1.70212900
-1.47088700
-1.04097200
-0.21826200
-0.72837400
-1.89682900
-2.64619400
-3.00037300
-3.47866900
-2.38255800
1.49645200
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4.83754700 1.42461500 2.21788200
3.83511600 1.77773600 2.46511200
5.41038400 1.34626400 3.15502100
5.31299200 2.18934500 1.59028200
6.33268700 -0.21756700 1.16982800
6.49928200 -1.19633600 0.71062200
6.75308800 0.55851700 0.51941100
6.89559200 -0.19570700 2.11574600
0.44963500 0.30466200 -2.88121600
-2.00959900 -0.83625400 -1.23171600
-1.32462100 1.99647000 -1.00089700
-0.75520600 0.34158700 1.04879300
1.89834600 -0.90380500 0.21106900
3.78532200 0.31043300 -0.12731000
-0.38990200 0.21460400 -0.63061100
4.34554700 -1.06553400 2.42968800
4.33178000 -2.03633600 1.92034800
5.01783700 -1.13996100 3.29904800
3.33504300 -0.88029200 2.80868800
5.83798700 -0.32697400 -1.99944200
5.75925200 0.74813700 -2.20911300
6.67619600 -0.48893200 -1.31793800
6.07711600 -0.83758800 -2.94452900
0.46165500 -1.24373000 2.62254100
0.08328400 -0.86580400 3.93046100
0.26373200 -2.58725900 2.23285200
-0.43794200 -1.80555100 4.82703100
0.19902500 0.16465400 4.25483900
-0.28159200 -3.51842700 3.11887500
0.54563900 -2.89742600 1.22821800
-0.62182900 -3.13680000 4.42624700
-0.70785600 -1.49484700 5.83488900
-0.43570000 -4.54304400 2.78801000
-1.03024000 -3.86731200 5.12254800
1.42260900 1.10798300 2.27376800
0.51278800 1.58562900 2.65055000
2.13257300 1.00142200 3.10412500
1.85974600 1.75503700 1.50806800
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Figure S214. Optimized structure of E-3i.
Below are presented xyz coordinates for optimized geometry of E-3i:

-4.49558700 0.07540800 1.61193800
-3.17662700 0.15969300 1.15843400
-2.85383100 -0.04546800 -0.20578800
-3.92038600 -0.30688300 -1.09952400
-5.24080200 -0.39139400 -0.64425300

O0O000
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-5.53679500 -0.20350100 0.71339200
-4.71351100 0.24436000 2.66509200
-6.03943600 -0.60590900 -1.35243500
-1.44730200 0.01293800 -0.67928400
-0.22894500 -0.47625100 0.43568400
1.67309900 -0.05297000 -0.65398500
2.13314200 1.64551500 0.14127700
1.29925200 2.66589500 -0.66915300
1.80002600 1.82366100 1.63574600
3.63127800 1.92255000 -0.09597900
1.52587700 2.60877300 -1.74145300
0.22300000 2.49636700 -0.53184200
1.52703700 3.68438000 -0.31985600
2.35251400 1.12651800 2.27281300
2.06353300 2.84744100 1.94450100
0.72807400 1.68071000 1.82424800
3.84909300 2.97360000 0.14803200
4.26446500 1.29664200 0.54431400
3.91458500 1.75085800 -1.14284900
2.75267800 -1.45521800 0.09248700
4.10636500 -1.45796400 -0.65517500
2.99073900 -1.40532900 1.61255000
2.01267200 -2.76612800 -0.26658200
3.95667600 -1.50714100 -1.74125900
4.70620000 -0.56912900 -0.43222200
4.68834900 -2.34045600 -0.34818300
2.04584000 -1.35774400 2.16840800
3.52613000 -2.31384900 1.92976400
3.60751800 -0.54418300 1.89636900
2.65234900 -3.62463700 -0.01223000
1.07158200 -2.86783800 0.29003500
1.78408800 -2.81569300 -1.33978900
-2.37702700 0.40858300 1.85383400
-3.71589700 -0.47044900 -2.15475800
-6.56550300 -0.26072900 1.06428800
-1.24223700 0.45825700 -2.11052200
-1.74435800 -0.23455700 -2.80182100
-1.68724100 1.45091900 -2.27069700
-0.18178200 0.48926800 -2.37519000
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E.3.14. Reaction of 1 with cyclopropyl methyl ketone leading to Z-3j

Figure S215. Optimized structure of Z-3jrsi.
Below are presented xyz coordinates for optimized geometry of Z-3jrsi:
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3.13777400
3.50835500
4.69290500
4.99885300
5.48780900
6.40476500
5.09852700
5.71763800
3.91798400
2.70423800
1.70260800
2.53188800
1.86467100
2.08355500
3.48974600
3.35305700
2.74135800
4.35811600
3.44484300
3.50623000
2.45496600
3.61712700
3.26518000
4.65509100
3.00909700
4.34455000
4.24823900
5.40865300
4.01369800
-1.66797700
-1.45487800
-2.57885800
-2.43844300
-3.87654200
-4.73304200
-4.05990400
-5.06516400
-2.97080700
-0.04517500
0.57184700
0.02147900
1.06902600
-0.51265000
-0.40938800
0.56690300
1.53763800
-0.09182900
0.73287900
-3.23431500
-2.27464500
-4.07639000
-4.23061500
-5.06173100
-3.55257200
-3.94206900
-3.99360200
-3.42511600
-4.97098000
3.28839400
3.51872200
3.05963100
4.16932300
2.07071000
1.09708300
1.29959700
-0.04354300
-0.66887100
0.11667900

0.50134600
1.86592800
2.16731000
3.20722300
1.16146600
1.41926100
-0.17787500
-0.95697000
-0.53409100
2.98823900
2.59924200
4.20719900
4.93583100
3.91496600
4.71028000
3.43062400
4.20948500
3.83941800
2.59541900
-2.00314000
-2.02720800
-2.73945300
-3.77288200
-2.78304400
-2.25922000
-2.75652400
-2.30143100
-2.75048400
-3.80159200
-2.20994900
-3.16828300
-3.78169100
-4.50643300
-3.49346000
-3.96991000
-2.61707600
-2.42732600
-1.97606600
-3.60117500
-2.69698600
-4.30794700
-4.41172400
-3.75627400
-5.31790300
-4.54097000
-4.92167200
-5.40072100
-4.02131700
-1.11527800
-0.75020200
0.12474700
0.73817400
-0.15997600
0.73115200
-1.93306400
-1.34180200
-2.87483500
-2.18009400
-0.17596800
-1.02885900
0.68355400
0.07579000
-0.45203600
-1.30356100
-1.68706000
-1.86705500
-3.00654700
-3.66293900

-0.51721500
-0.39506500
0.30360500
0.40237200
0.86193100
1.38986300
0.74180900
1.18509200
0.06944300
-1.04418800
-1.27172900
-0.11786100
-0.59500800
0.83877000
0.07536500
-2.37594700
-2.84971400
-2.19911100
-3.07746300
-0.02812500
-0.33876300
1.32342600
1.21249800
1.67937000
2.09778900
-1.08660900
-2.07713700
-0.81189100
-1.15738900
-0.62196200
0.40695500
0.98753900
1.78639100
0.55017400
1.02451100
-0.52105200
-0.89550000
-1.13883700
0.80608600
0.84742500
2.17461200
2.48445700
2.95854500
2.12641800
-0.26144500
0.08428100
-0.44484700
-1.20926300
-2.37168100
-2.75429600
-2.03282800
-2.92961600
-1.63681700
-1.28781800
-3.47900500
-4.40306200
-3.69686900
-3.18376500
-3.29859100
-3.94567400
-3.94467800
-2.70105000
-2.43685300
-2.96150800
-3.95945400
-2.33283100
-3.12631700
-3.51805800
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-1.36752600
-1.20897100

1.19691000
-2.57910200
-3.10721600
-4.03380500
-2.35346600
-3.32146800
-1.36024700
-0.87749700
-1.71019200
-0.61740000
-3.16507000
-2.77719200
-1.69831300
-3.30035000
-3.04382600
-4.65300400
-5.01008400
-4.84346300
-5.25635700
-0.50277300

1.94220700
-0.54493200

0.96848200
-0.04765400
-2.00060000
0.08292400
-2.92217100
-3.26917800
-3.46617500
-1.85165200
-3.65442900
-3.24450400
-4.53701600
-3.98436500

2.35181300

3.23264200

2.58441100

2.15623300

0.41331500

0.99781200
-0.04530400
-0.29256400

2.02607600

0.72215000
-1.06377100

0.24085300

-3.59923400
-2.58983600
-0.31528300
3.60840200
4.48894400
4.10717400
4.59262700
5.49249500
4.33798800
3.74844400
5.28757700
4.56209700
1.27398300
-0.20684700
-0.30025200
-0.62935700
-0.79840700
1.34321000
2.37140700
0.79339500
0.87761600
1.44187200
0.12775700
-1.47179400
-0.65206600
2.12318400
1.87284300
0.49659500
2.00859800
3.04600300
1.48778600
2.01009400
3.44349500
2.90949400
2.90145900
4.43971100
0.58631400
-0.04953500
1.25060300
1.17170900
-0.95166800
-1.15189300
-0.10895700
-1.69362500
-0.83650700
-2.08469600
-0.30283400
0.93950300

-2.53173500
-3.98653500
2.42207700
-0.15678700
0.99410100
1.43599700
1.78458800
0.59436500
-0.76082000
-1.54486100
-1.19566900
0.01334400
1.89993100
2.07679800
2.24099900
2.94896600
1.19639200
1.50029300
1.37497700
0.57213000
2.29510100
-2.48253200
-1.21965700
-1.15128000
1.22784500
1.27680700
0.48133300
-0.41593000
3.23255100
3.20917200
4.03705800
3.47599200
-1.24970200
-2.11373900
-0.88908600
-1.58341800
2.77129200
2.95111200
1.93789700
3.67515300
3.48864800
4.89448200
4.69074400
3.13121200
5.05464800
5.38108900
5.01639500
4.68189400
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Figure S216. Optimized structure of Z-3ji.
Below are presented xyz coordinates for optimized geometry of Z-3j:
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-3.22408800
-3.62913500
-4.83677700
-5.17434200
-5.59989600
-6.52866500
-5.15501400
-5.73695700
-3.96268000
-2.77102000
-1.71946000
-2.93587200
-2.18571700
-2.78750300
-3.92535800
-2.98890500
-2.39678900
-4.04826500
-2.65903900
-3.48905400
-2.55799500
-3.17486200
-2.90141200
-4.05051400
-2.34036400
-4.52379200
-4.79595800
-5.44627600
-4.11513900
1.79303600
1.69050600
2.86410800
2.80408600
4.10448100
5.00343900
4.18065200
5.14429300
3.03665700
0.33158500
-0.31805200
0.39497400
-0.62103300
0.91253400
0.90966800

-0.11888800
-1.45862500
-1.88971300
-2.90946000
-1.03947300
-1.39717400
0.26001200
0.90672300
0.74703600
-2.41107600
-2.15186900
-3.88331100
-4.49106000
-4.00890500
-4.27855000
-2.23994700
-2.98502900
-2.37527900
-1.25230400
2.15683700
2.34843100
2.27150600
3.30490800
2.00101100
1.61647100
3.23321100
3.17158500
3.12956900
4.23446500
2.21502000
2.89649200
3.41090100
3.93171400
3.27497800
3.67700800
2.62673900
2.53278700
2.09267900
3.14544600
2.30675700
3.20506500
3.22075700
2.32868200
4.10861900

-0.55899600
-0.79537400
-0.21978700
-0.38938600
0.58934700
1.03105800
0.84817600
1.50405500
0.28534000
-1.62340600
-1.42259600
-1.20791400
-1.72806100
-0.12814500
-1.47721800
-3.14087600
-3.68723200
-3.40128700
-3.47826300
0.63317000
0.08647800
2.14175400
2.39210400
2.74781200
2.40833400
0.23438000
-0.82613300
0.82172900
0.42469600
-0.33118800
0.90696200
1.48446200
2.43778800
0.85233800
1.31701800
-0.38338600
-0.88238100
-1.00365100
1.55073000
1.27945300
3.08789200
3.50034500
3.49527400
3.44369100
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-0.28976000
-1.26006800
0.36769100
-0.45236700
3.18371800
2.18424600
3.92530000
3.99075500
4.94451600
3.37845500
3.91896100
3.87891500
3.48056600
497769700
-3.50153400
-4.13427900
-3.34818500
-4.04517400
-2.16379900
-1.13080300
-1.35265700
0.07233700
0.75112900
-0.00883800
1.42789900
1.33174300
-0.74305400
2.21407300
2.66843700
3.64053800
1.92414300
2.76032300
0.94292100
0.49811600
1.24295300
0.18830400
3.22646700
3.15826600
2.13679100
3.73175400
3.58937500
4.65024500
4.84294700
4.85354100
5.36888200
0.32405900
-2.02236800
0.58812000
-0.70502500
-0.11237200
1.86685000
-0.21310800
2.98384900
3.16772400
3.67445100
1.95903600
3.27901700
2.89506900
4.21512100
3.50712900
-2.20998300
-2.77223100
-2.69253200
-2.26317700
-0.00259000
-0.70092400
-0.12515900
0.98636800

4.44454700
4.64270000
5.30420700
4.37069100
1.41715100
1.18283600
0.07721100
-0.43776900
0.23310000
-0.56655300
2.31351400
1.85225000
3.31677700
2.43158500
1.34384000
2.07929100
1.68772800
0.39485500
1.21595100
2.06457800
2.68931800
2.38366200
3.64299200
4.37910600
4.08808700
3.40217500
-0.98095400
-3.51366000
-4.60258300
-4.39276000
-4.73775100
-5.55292900
-4.05799200
-3.32936300
-4.94329500
-4.37350500
-1.56625600
-0.05241700
0.31301400
0.17116600
0.52100800
-1.83686500
-2.89609500
-1.26538800
-1.50624800
-0.95931000
0.37773200
1.68561900
0.17389400
-2.40489600
-1.83104900
-0.24539000
-2.40144400
-3.46628400
-2.06226800
-2.29447400
-3.28291100
-2.60375600
-2.87511100
-4.24839700
-1.36920100
-0.51130200
-1.70400900
-2.19102200
-0.65374700
-0.09729400
-1.49776400
-0.24445000

0.98542300
1.45979400
1.17578900
-0.09627300
-2.36354600
-2.74797300
-2.21536700
-3.18224800
-1.83357300
-1.51881000
-3.38590400
-4.38146900
-3.44972000
-3.11805600
-2.92969600
-2.41762200
-3.95819900
-2.93679600
-2.22673600
-2.63795200
-3.50002800
-1.96271700
-2.48364900
-2.76704900
-1.75091500
-3.38338900
2.13618400
-0.67848200
0.31705600
0.77311100
1.11177200
-0.23045200
-1.37249800
-2.05391700
-1.95445000
-0.64351200
1.58241000
1.88505000
2.02020300
2.79689800
1.05922300
1.04521200
0.84824700
0.13290600
1.81089600
-2.67498100
-1.17830900
-0.93176600
1.26268000
1.01091600
0.24144600
-0.48817100
2.85486700
2.68201800
3.64307100
3.22128800
-1.77115600
-2.53966300
-1.37579100
-2.24790900
2.39707700
2.77963300
1.47586400
3.12133300
3.42091800
4.64973500
4.67138700
3.24877700
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-1.78346300 0.00268400 4.63544900
-0.18604500 0.68350100 5.20597000
0.78069600 -1.67976800 5.24672700
-0.82187600 -2.33349100 4.66225200
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Figure S217. Optimized structure of Z-3jrs2.
Below are presented xyz coordinates for optimized geometry of Z-3jrs2:

3.07511900 -0.08833800 -0.62847300
3.52904300 1.20230200 -1.00569000
476318700 1.63611300 -0.49056600
5.13974500 2.61776200 -0.76710300
551274400 0.83780900 0.38251500
6.46431100 1.19901300 0.76962400
5.02852700 -0.41502300 0.76563600
5.60367600 -1.02556700 1.46122400
3.80664700 -0.90383300 0.26952700
2.71168700 2.08965800 -1.94109100
1.65711800 1.94803300 -1.66386600
3.02813200 3.58528600 -1.77107700
2.32737900 4.17428200 -2.37443800
2.92348800 3.89602600 -0.72408000
4.04240100 3.83137800 -2.11614400
2.84934800 1.68204600 -3.42457200
2.30218100 2.39722000 -4.05215700
3.90344500 1.68098500 -3.73696400
241616400 0.69485500 -3.60954500
3.30485000 -2.26979600 0.73380200
2.36895700 -2.48896500 0.20613200
2.99278300 -2.25112300 2.24620700
2.71085400 -3.25564100 2.58780600
3.87187700 -1.93564800 2.82516600
2.16357500 -1.56825400 2.45892300
4.31512200 -3.39658700 0.42221500
4.59010800 -3.41726800 -0.63893700
5.23870100 -3.27123200 1.00349100
3.88319900 -4.37162300 0.68436600
-1.90095600 -2.28342600 -0.15993100
-1.79179500 -2.82164300 1.14989100
-2.97402200 -3.13866400 1.83816700
-2.91267700 -3.54535600 2.84484800
-4.23006200 -2.94527100 1.25203800
-5.13457200 -3.19494100 1.80456300
-4.31834900 -2.43153200 -0.04346800
-5.29674100 -2.28227000 -0.49772900
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-3.16654600
-0.42683600
0.25178700
-0.44226300
0.58263200
-0.88883400
-1.00181200
0.10966200
1.08918000
-0.57695200
0.23090600
-3.32903400
-2.33866700
-3.90803800
-3.97622500
-4.91063700
-3.25087800
-4.21944600
-4.20900300
-3.87883700
-5.26233900
3.32436700
3.86272300
3.15396400
3.96243100
1.98575400
0.95931400
1.19854400
-0.24054700
-1.00636100
-0.31683700
-1.57373100
-1.71950500
0.92125000
-1.82329300
-2.22673900
-3.19848000
-1.47190300
-2.30015900
-0.53745200
-0.14183500
-0.79712100
0.24011000
-2.93149500
-2.93179800
-1.93785100
-3.58128500
-3.32927500
-4.32716900
-4.47044300
-4.53316500
-5.07695600
-0.55707000
1.85355900
-0.69288000
0.44050000
0.45146000
-1.47497700
-0.01251000
-2.72708000
-2.91123500
-3.44258700
-1.71361100
-2.91143600
-2.57660400
-3.86849400
-3.07941300
2.43285000

-2.08958900
-3.10614800
-2.31870300
-3.06426000
-3.12296400
-2.13032400
-3.90758400
-4.46717300
-4.68009200
-5.28025700
-4.46972700
-1.50449600
-1.40904000
-0.08012900
0.37291100
-0.09324100
0.55000200
-2.38465800
-1.99205800
-3.42739700
-2.38451200
-1.72498200
-2.56327300
-1.97701500
-0.84081600
-1.51931900
-2.40905100
-3.07592700
-2.68281100
-3.91932800
-4.67129600
-4.34975100
-3.66258400
1.51107200
3.64234600
4.88425300
4.77085200
5.11274300
5.74608600
4.00042400
3.13446900
4.77785200
4.40066700
1.97270600
0.47864700
0.08543400
0.33207300
-0.13285300
2.25092200
3.29865200
1.61713000
2.01056800
0.64815100
-0.60906900
-1.91673700
-0.06437500
2.80815000
2.14073300
-0.03616100
2.91135800
3.95449200
2.64125800
2.86026100
3.29852700
2.47939500
3.02737100
4.18630500
1.45508200

-0.77535600
1.76256300
1.41414000
3.30077900
3.68519600
3.66206600
3.72914800
1.26035500
1.70867000
1.53366500
0.17098000

-2.17353200

-2.63267600

-2.08123100

-3.07795100

-1.63029600

-1.47204100

-3.07852600

-4.10358100

-3.10253800

-2.73367700

-2.86357400

-2.40348200

-3.91659300

-2.79918300

-2.17328500

-2.55266100

-3.37751900

-1.87776800

-2.30641800

-2.70336000

-1.47533000

-3.10012500

2.19648100

-0.93020700

-0.10380600
0.38782600
0.65918600

-0.78441300

-1.71007800

-2.24909700

-2.44525300

-1.05115500

1.49914200
1.90588000
2.13777300
2.78191600
1.08769000
0.89774700
0.61522300
0.02955600
1.66768100

-2.71977200

-1.18994500

-0.86280700
1.19153000

1.02306700

0.22916900

-0.48075000

2.70778100
2.42763300
3.50028700
3.11629700

-1.96981500

-2.61388900

-1.51542900

-2.59839900

2.33830600
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2.76514500 0.41785700 2.42652900
2.93446100 1.90282700 1.47764700
2.75033600 1.98803100 3.24633400
0.16822900 1.14154000 3.42974500
0.78392200 0.35415500 4.57018500
0.50389900 1.82564000 4.75482300
-0.89001700 0.97764700 3.28033700
1.82246800 0.04454100 4.48138400
0.14290100 -0.36294700 5.07815100
-0.33836000 2.13089800 5.37254500
1.34739200 2.51238600 4.77310400
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Figure S218. Optimized structure of Z-3j.
Below are presented xyz coordinates for optimized geometry of Z-3j:

-2.18833400 -0.65029300 0.51988600
-0.59282000 -0.84730200 1.12170900
0.67845800 -0.01540900 -0.52067400
1.08041300 1.72237800 0.21106000
-0.16942500 2.56238700 -0.14497400
1.29813600 1.79698300 1.73539300
2.30374200 2.31324900 -0.51836400
-0.34472300 2.57979300 -1.22851800
-1.06811100 2.16342900 0.34324700
-0.02581400 3.59765700 0.20017900
2.16931700 1.21992600 2.06000100
1.46012200 2.84701100 2.02595000
0.42124600 1.42691600 2.28189200
2.39446900 3.38167100 -0.26921000
3.23451100 1.82220100 -0.20954200
2.20742900 2.22538800 -1.60871400
2.19541300 -1.18082900 -0.35385200
3.15579400 -0.88179400 -1.52841300
2.96172400 -1.12349600 0.98016100
1.63103100 -2.60730300 -0.55737400
2.62919400 -0.93093200 -2.49006100
3.62171500 0.10576600 -1.44336700
3.96125900 -1.63221100 -1.53894000
2.29430700 -1.28211700 1.83662100
3.72933400 -1.91308000 0.99669700
3.47536300 -0.16326200 1.11000600
2.46639100 -3.31940800 -0.63616300
0.99739100 -2.91720900 0.28385200
1.03564300 -2.67431200 -1.47799800
-3.30009100 -1.13836600 1.42977700
-2.90565200 -1.46595000 2.39779600
-4.04706100 -0.35118300 1.61167700
-3.82602100 -1.98716100 0.96850400
-2.57535500 -0.05821100 -0.77732500
-3.91952200 -0.35286800 -1.44318600
-3.67749600 1.00857100 -0.86119700
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-1.74175400 0.10726300 -1.45847500
-4.61476000 -1.01025300 -0.92639600
-3.90528600 -0.46875700 -2.52484100
-3.48584300 1.84552500 -1.52918200
-4.19339300 1.27151700 0.05988900
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E.3.15. Reaction 1 with cyclopropyl methyl ketone leading to E-3j

-

Figure S219. Optimized structure of E-3jrsi.
Below are presented xyz coordinates for optimized geometry of E-3jrsu:

-3.04797800 -0.13778000 -0.72382600
-3.51771100 -1.47484200 -0.80096000
-4.76610900 -1.76946300 -0.22058900
-5.14790600 -2.78731700 -0.27518900
-5.52840200 -0.78296600 0.41270300
-6.49553300 -1.03367000 0.84604300
-5.04190600 0.52745000 0.48974400
-5.63650200 1.29047800 0.99077400
-3.79563500 0.87337200 -0.05778900
-2.74774900 -2.56603300 -1.53852900
-1.70858300 -2.22913200 -1.65249600
-2.72381000 -3.89981500 -0.76775000
-2.07554300 -4.61238100 -1.29287200
-2.32507800 -3.76315800 0.24412100
-3.72472100 -4.34867000 -0.69973300
-3.32980500 -2.78958300 -2.95326900
-2.74042800 -3.54804300 -3.48489600
-4.37016000 -3.13953400 -2.89224500
-3.31533300 -1.86943300 -3.54591700
-3.27958300 2.30762200 0.05962100
-2.20987300 2.28997500 -0.18046100
-3.43512100 2.87727900 1.48525900
-3.00712900 3.88672800 1.52980200
-4.49020100 2.95525000 1.77969500
-2.91691300 2.26008200 2.22720900
-3.98853000 3.24774300 -0.94253800
-3.85385400 2.91274900 -1.97557900
-5.06727400 3.28864800 -0.73647900
-3.58356700 4.26534100 -0.85805100
1.92567100 2.19244500 -0.18511400
1.70611800 3.02946900 0.94345800
2.82543600 3.47908200 1.66571300
2.67858400 4.10794000 2.54098600

TOOOIIITOIIITOIOIIIOIIIOITIOOIOITIOITIOOO

262



OIIITIOAd T UTUOZZOIIIOIIITIOOIIIOIIIOOOIIIOOIOOIIIOIIIOIIIOIOIIIOIIIOIOOIOLIO

4.12816600
4.97948100
4.32664300
5.34058500
3.24278800
0.30437900
-0.37378700
0.18968100
-0.86762300
0.62883400
0.69022000
-0.16615600
-1.13079800
0.56050000
-0.29988600
3.53344300
2.58054000
4.26377700
4.43878900
5.23585000
3.64906300
4.37098400
4.44721000
3.93553600
5.39095100
-2.95656000
-3.08259800
-2.74163900
-3.89232000
-1.78657200
-0.72309500
-0.82855300
0.40603200
1.16125100
0.45139800
1.85488800
1.73103800
-1.26770200
2.40605100
2.79117300
3.70811600
1.97844400
2.96459200
1.18609700
0.80064800
1.50068100
0.37721800
3.00262800
2.70437100
1.62541900
3.19232300
3.07164100
4.50686800
4.80147800
4.79885800
5.08298500
0.64969200
-1.78346400
0.79523900
-0.93363900
-0.11358100
1.90289700
-0.01449900
2.61751700
2.89431500
3.13762300
1.53489400
3.56422200

3.14940100
3.49699000
2.40095500
2.18315200
1.92598600
3.51552200
2.66270500
4.05048800
4.19444000
3.36704100
5.02294900
4.62400000
5.03166100
5.44726300
4.23978200
1.20688200
0.96597600
-0.12593900
-0.63359100
0.03185700
-0.77830500
2.09924900
1.62470700
3.09729100
2.22891200
0.88804200
1.82948400
0.10021100
0.63195800
0.96197300
1.79539800
2.31373500
2.18840800
3.36649300
4.12411900
3.82620100
3.01961400
0.15887900
-3.69103600
-4.74482400
-4.49222400
-4.88795100
-5.70454400
-4.24548100
-3.52845700
-5.15778000
-4.50656600
-1.68046300
-0.20774400
-0.05364700
0.06257500
0.46624100
-1.81259200
-2.84151800
-1.16820800
-1.49616700
-1.10180900
0.22791200
1.61299200
0.62253400
-2.20658300
-2.00888700
-0.37781300
-2.55376000
-3.60364600
-2.17939100
-2.50400000
-3.47434600

1.27513000
1.85825800
0.11339400
-0.22014200
-0.64709800
1.30793600
1.19490900
2.74928600
3.00524100
3.48700700
2.85773400
0.33461700
0.66637600
0.30386700
-0.68048800
-1.96190000
-2.44623600
-1.73435800
-2.69141900
-1.24551800
-1.10690600
-2.90956000
-3.89704600
-3.03579100
-2.52264500
-3.39905000
-3.94402100
-4.13503200
-2.89383000
-2.43612700
-2.78645200
-3.73733800
-2.02199000
-2.62270400
-2.97414600
-1.91527100
-3.49468500
2.40920500
-0.41671200
0.64159500
1.18473100
1.36460600
0.13005900
-1.18291100
-1.91273000
-1.71396900
-0.49086700
1.95492400
2.29658000
2.40512400
3.24616700
1.51747200
1.64146600
1.40712400
0.80506300
2.52492400
-2.56733700
-1.29797700
-0.87260000
1.28438600
1.03833000
0.40257900
-0.43611300
3.16470800
3.02946600
4.06123200
3.34000000
-1.41153400
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3.25311400 -2.80791100 -2.22321900
4.45393000 -3.04977600 -0.93094500
3.84862900 -4.44377400 -1.84970500
-0.45795300 0.45070400 3.64523700
0.31493700 -0.32868800 3.73292600
0.04752600 1.41297800 3.55332100
-1.07196800 0.43380800 4.55110800
-2.37104800 -0.80861600 2.46543100
-2.42689800 -1.88973400 3.55454100
-3.37205400 -0.74164000 3.63120500
-2.78745700 -1.05584300 1.49485900
-1.59802500 -1.93046200 4.25722100
-2.79915700 -2.85754100 3.22641100
-4.41025200 -0.88573700 3.34433900
-3.20453000 0.04119400 4.36628300
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Figure S220. Optimized structure of E-3ji.
Below are presented xyz coordinates for optimized geometry of E-3ji:

-2.16128000 -2.47004300 0.12108400
-1.59613100 -3.71313500 -0.25277600
-1.81009400 -4.81898300 0.59068200
-1.37892700 -5.78126200 0.31831700
-2.55756400 -4.70421800 1.76303700
-2.71489900 -5.57253100 2.40098200
-3.09519700 -3.46279300 2.12243400
-3.66439600 -3.37789700 3.04488600
-2.90617400 -2.32444400 1.32176300
-0.74565700 -3.89788300 -1.50306900
-0.73545900 -2.95400200 -2.06076500
0.71021600 -4.22365400 -1.10316000
1.34550000 -4.28375000 -1.99548800
1.11329900 -3.45194300 -0.43671700
0.76088800 -5.18852500 -0.57937400
-1.29631100 -5.00400800 -2.43092700
-0.70950500 -5.03841100 -3.35810400
-1.22802100 -5.99134400 -1.95433900
-2.34813900 -4.83584700 -2.69455600
-3.48918100 -0.97497800 1.73346900
-2.75459000 -0.21389900 1.43986200
-3.70458100 -0.87200700 3.25540800
-3.95151600 0.15974100 3.52950300
-4.53673000 -1.50697700 3.59034100
-2.80292700 -1.16424600 3.80455200
-4.82166700 -0.67465000 1.00684900
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-4.68944400
-5.55925700
-5.23564200
-1.05452600
-1.97079000
-1.64507700
-2.33818500
-0.44395600
-0.20946400
0.47139400
1.41909300
0.19619200
-3.23854900
-3.35676300
-3.08256100
-3.99617800
-2.23805200
-2.91172900
-4.50801700
-5.39857500
-4.48468900
-4.62279900
1.21464700
1.24463700
2.64874500
3.34212600
2.75048300
2.95381500
0.80662900
1.55733800
-0.15293400
0.73431100
-3.80425000
-3.25592400
-4.23026100
-4.61086600
-2.85143700
-2.92854300
-3.63414600
-2.34018300
-2.87751300
-3.70792500
-2.10539800
-3.25632900
0.76671200
4.39751200
4.51562800
5.27788700
3.55616500
4.80144200
3.39508200
3.29329900
3.75224300
2.40054800
4.77630100
4.66729600
3.63293800
5.18487200
5.14090500
6.27588900
6.49115300
6.66033300
6.83279100
0.41391100
-1.99148300
-1.37279400
-0.48388800
1.73871100

-0.59604200
-1.46302300
0.27940200
2.86639900
3.52668700
4.81792500
5.33985900
5.43043600
6.43185100
4.74013400
5.20918300
3.44761000
2.85869900
1.89259600
2.57803000
2.11623600
1.90424800
3.51269300
3.70034800
3.13965800
4.63666600
3.96267000
2.69592700
1.64616400
3.23300000
2.54696000
4.22454900
3.30172200
2.67268200
2.12828700
2.16810300
3.69970100
-2.17598400
-2.92926800
-2.68343600
-1.77634200
-1.07586000
0.14511900
0.15241800
1.39613600
2.60612400
3.05495300
3.37261700
2.30705500
0.36259400
-1.55915000
-2.74423300
-2.57452500
-2.93550400
-3.65028200
-1.92139300
-1.10876800
-2.81968700
-2.13504300
0.44142900
1.97099300
2.31449900
2.25206100
2.50794300
0.14964200
-0.92232200
0.64132400
0.55130500
-0.65886500
-1.29875900
1.55171400
0.36258400
-0.72290400

-0.07745400
1.21079400
1.36103100

-0.72968100
0.12452700
0.57663300
1.23519400
0.21404500
0.57128500

-0.58916700
-0.84113900
-1.06432900

0.64536600
0.14040800
2.15701400
2.55268400
2.33648100
2.70819600
0.39087800
0.70412000
0.96435100

-0.66818200

-1.91638000

-1.56436300

-1.77322200

-2.27036600

-2.23730100

-0.72226900

-3.40451700

-3.98975200

-3.55192600

-3.78905900

-2.15489700
-2.73510000
-1.28273300
-2.77634600

-1.73551200

-2.44155700

-3.26822300

-2.14886200

-2.88710000

-2.32755600

-3.00564900

-3.87003300
1.83943200

-0.93595400
0.03970800
0.80940100
0.53735400

-0.51776000

-2.04903200

-2.77790900

-2.57641000

-1.65088600
1.42444300
1.63827100
1.70736200
2.56888800
0.80612100
1.20254000
1.14339700
0.30026400
2.06356600

-2.78631500
-0.71374500

-1.22207700
1.10692300
0.55229500
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3.73188700 0.08780400 -0.17072200
-0.35794300 -0.11184400 -0.68142600
4.30255900 -0.32320100 2.67122900
4.39655000 -1.40645500 2.53524600
491234800 -0.03081600 3.54162500
3.25548300 -0.11354500 2.90296100
5.74995600 -1.28622600 -1.63823700
5.69607700 -0.38275700 -2.26047700
6.58530600 -1.17909900 -0.94200500
5.97627700 -2.13755700 -2.29847900
1.15978400 1.82454900 2.03255500
0.30544800 2.37841500 2.44425900
2.00829200 1.92837700 2.71550400
1.41830600 2.28014000 1.07186400
0.52165800 -0.40926300 3.13078300
1.23684000 -0.11992900 4.43614900
-0.23008700 0.21392000 4.29372800
0.29765700 -1.45930600 2.94357100
1.93275100 0.71509700 4.47890200
1.52711500 -0.97203800 5.04752100
-0.95852200 -0.40307800 4.81427900
-0.50142500 1.26535000 4.22423100
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Figure S221. Optimized structure of E-3jts2.
Below are presented xyz coordinates for optimized geometry of E-3jrsz.

-2.79125400 -1.72688900 -0.28913500
-2.47579000 -2.98972700 -0.85303500
-2.87943800 -4.14566700 -0.15701200
-2.63232300 -5.12268800 -0.56991400
-3.59890700 -4.06009600 1.03527800
-3.90854100 -4.96552700 1.55538100
-3.93146300 -2.80314800 1.55769600
-4.50087800 -2.74776100 2.48250600
-3.52942400 -1.61769500 0.92299500
-1.75673600 -3.14664900 -2.18785900
-1.57937200 -2.14870600 -2.60276700
-0.37631300 -3.81431600 -2.01345300

0.13477700 -3.87337700 -2.98296300

0.25933400 -3.23665400 -1.33219000
-0.47846800 -4.83333800 -1.61299500
-2.61516300 -3.94938200 -3.19240200
-2.13084000 -3.94931900 -4.17773100
-2.72803600 -4.99489700 -2.87416600
-3.62090400 -3.52387200 -3.30007700
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-3.87680000
-2.98230300
-4.21173000
-4.36350900
-5.14113000
-3.40565400
-5.05404800
-4.81973900
-5.95275000
-5.28810400
-0.18107800
-0.84453500
-0.16588500
-0.66242200
1.13413700
1.64613800
1.78710300
2.80709200
1.15641900
-2.23244200
-2.60727800
-2.13722400
-3.13710000
-1.51818800
-1.69829400
-3.23428500
-4.23647600
-2.94754400
-3.29543300
1.89295400
1.72569600
3.41414700
3.88669100
3.66585700
3.84567500
1.34705900
1.95800700
0.32026700
1.39133800
-4.16161000
-3.76920700
-4.66619600
-4.88572300
-3.00849000
-2.71506600
-3.34582500
-1.80954600
-1.96696200
-2.66635300
-1.01523800
-2.37734000
0.80787600
4.30719400
4.47922100
5.25197600
3.53601100
4.77318800
3.27709200
3.05581300
3.68198900
2.32748100
4.70729100
4.69095700
3.69050800
5.28698100
5.14015100
6.19572000
6.37682600

-0.25145600
0.37192700
-0.30635100
0.71021000
-0.86199800
-0.76865500
0.41747300
0.60566000
-0.21262500
1.38475400
3.04802400
3.70655100
4.73901800
5.25697000
5.09937800
5.90236300
441111100
4.68500500
3.37076800
3.29833800
2.51082200
2.70770300
2.45069400
1.80431300
3.43740400
4.47375700
4.11837300
5.25330900
4.94077000
2.62975900
1.54970700
2.86014400
2.20161900
3.89489200
2.62685600
2.97197900
2.47099900
2.62195900
4.05624100
-0.62595500
-1.23008500
-1.30283300
0.08629700
0.09537000
1.40185000
1.77620800
2.33532500
3.78238300
4.29583000
4.31989600
3.83123800
-1.04781700
-1.31188900
-2.83186300
-3.08308900
-3.29367600
-3.28627000
-1.09653300
-0.03541800
-1.50546000
-1.60135600
-0.93058300
0.24267400
0.51066900
-0.03333200
1.13847300
-1.09849700
-1.95105500

1.50832700
1.37690000
3.01023000
3.39097900
3.19831900
3.59034400
0.75933400
-0.29254200
0.80907800
1.22503200
-0.15961600
0.90446700
1.57479800
2.39450800
1.21562600
1.74365700
0.18655900
-0.06902300
-0.51766000
1.38405100
0.71916800
2.80890800
3.18029100
2.80210800
3.50280400
1.36047000
1.63481200
2.07914000
0.36977900
-1.63459300
-1.48178400
-1.61123200
-2.35004200
-1.88524100
-0.63169700
-3.03860900
-3.80003500
-3.17130100
-3.21399700
-2.56211100
-3.39153000
-1.86506100
-2.97014300
-1.89708700
-2.33984800
-3.14195900
-1.79257400
-2.21836000
-1.54594800
-2.18068800
-3.23244100
1.81844400
-1.33851800
-1.14109000
-0.40667900
-0.82257700
-2.10025200
-2.46327700
-2.62417000
-3.40181300
-2.26200500
1.72941200
2.74167000
3.08259200
3.62560200
2.29395300
1.34662500
0.68598100

267



6.59680500 -0.19214500 0.87649500
6.76659900 -1.27073000 2.27227700
0.14548800 -0.29432900 -2.78239800
-2.32290900 -0.51042500 -0.91055700
-0.87388000 2.00778100 -0.88132800
-0.65138900 0.18744500 1.23173000
1.68788500 -1.48726300 0.29577700
3.64408700 -0.33478200 0.20150500
-0.42031600 0.07061700 -0.47282300
4.21686100 -2.23551400 2.38221800
4.26999700 -3.07621800 1.68151000
4.84844700 -2.47104800 3.25372900
3.17906500 -2.16607000 2.72454100
5.62980900 -0.66265400 -1.81368300
5.52095500 0.42510600 -1.91028600
6.47625000 -0.86695200 -1.15380700
5.87833000 -1.06766300 -2.80653900
1.28338100 -0.06662400 2.85738800
0.44468000 0.28380400 3.46680400
2.01987000 -0.54852700 3.51413200
1.75109700 0.79636800 2.37568000
-0.09620100 -2.15051100 2.24967400
0.29708100 -2.96426300 3.49072700
-0.94099600 -2.10496200 3.50042300
-0.49010100 -2.75025800 1.42913000
1.15635700 -2.62690700 4.06608000
0.19879200 -4.04456300 3.41221800
-1.90855800 -2.59481200 3.43881100
-0.92398700 -1.19660000 4.09805100

IITIIITOOOIIIOIIIOIIIOSO®TUOTOZZOQIT

Figure S222. Optimized structure of E-3j.
Below are presented xyz coordinates for optimized geometry of E-3j:

-2.17675600 -0.12616400 -0.12142900
-0.77556600 -0.47936400 0.80789500
0.89936800 -0.03470000 -0.60208000
1.47775000 1.67091700 0.08713000
0.48087400 2.67171500 -0.54478300
1.43857700 1.84998400 1.61794000
2.89475800 1.97923400 -0.43702900
0.48941300 2.60992000 -1.64058800
-0.54239800 2.48277400 -0.19340000
0.75415200 3.69684100 -0.25187700
2.12766300 1.17495200 2.13449800
1.72669700 2.88332600 1.86775800
0.42988900 1.67566600 2.01391000
3.13333200 3.03592000 -0.24131600
3.65361200 1.37056200 0.06938400
2.97373000 1.80741300 -1.51872800
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2.12217400 -1.41782900 -0.07243000
3.31408500 -1.39880300 -1.05763600
2.63686600 -1.36125900 1.37715600
1.35203100 -2.74225100 -0.28966000
2.96683100 -1.45317900 -2.09732200
3.92902400 -0.49905300 -0.94904800
3.95869200 -2.27014300 -0.86459400
1.81066100 -1.32150000 2.09819800
3.23187100 -2.26300700 1.59109000
3.28602200 -0.49275000 1.54076700
2.04400000 -3.58854800 -0.16284400
0.53391700 -2.85953400 0.43289400
0.92638700 -2.79619400 -1.30085300
-2.23610600 0.39429300 -1.53665400
-3.00563600 -0.12791400 -2.12283900
-2.49959900 1.46294100 -1.53597100
-1.26937100 0.28804500 -2.03920400
-3.46793800 -0.33708600 0.58503000
-4.71147300 0.49675300 0.27056400
-4.68267200 -0.95409800 -0.11705000
-3.36101000 -0.62740500 1.63012400
-4.63210900 1.23501600 -0.52423200
-5.32355000 0.80321000 1.11612800
-5.26385900 -1.66550900 0.46544500
-4.58840400 -1.20332200 -1.17151700
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E.3.16. Reaction of acetone with tBu,P-P(SiMes)Li(THF)3

A

Figure S223. Optimized structure of CH2=C(OLiTHF3)CHs.
Below are presented xyz coordinates for optimized geometry of CH2=C(OLITHF3)CHs:

-0.12488800 0.17092700 -0.38264700
-0.43231600 2.05614100 -0.99368500
0.86901900 -0.81452500 -1.80412100
-1.90132000 -0.68231200 -0.20190500
-1.81032800 2.48112800 -1.14082900
-2.36056600 1.64070600 -1.57230200
-1.84054600 3.33870600 -1.83178000
-2.27003800 2.87652600 0.27860400
-2.93127500 3.75070500 0.25238100
-2.81419400 2.04980000 0.74735300
-0.93820500 3.15970700 1.03884300
-0.77656800 2.41587300 1.82572800
-0.91514500 4.16045200 1.48580900
0.14801900 2.98698500 -0.03521400
0.37415700 3.92923000 -0.55972900
1.05654100 2.51380600 0.34472700
1.68120400 -1.82741000 -1.12527100
1.69646300 -2.73013400 -1.75303600
1.19209600 -2.03687300 -0.16970500
3.08967100 -1.21479300 -0.94005100
3.34501500 -1.16020600 0.12270600
3.84550000 -1.82231300 -1.45302100
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1.79229200 0.03463800 -2.53462400
1.25631900 0.96136000 -2.76017700
2.08225100 -0.46800000 -3.47230400
-2.09939500 -1.18180000 1.15936400
-3.06267300 -0.80348400 1.53652700
-1.26777400 -0.78777100 1.75267200
-2.38158200 -1.67473100 -1.16110900
-3.17971400 -1.21716600 -1.76037700
-1.53786300 -1.92483900 -1.81589000
2.97887300 0.19214700 -1.58041600
2.73372400 0.93324100 -0.81129800
3.89721200 0.49991900 -2.09485700
-2.11314800 -2.70027500 1.00313600
-1.08503500 -3.07500400 0.92005800
-2.60079400 -3.20741900 1.84333900
-2.86903100 -2.87550400 -0.32936100
-2.65641600 -3.83034400 -0.82354600
-3.95206500 -2.81210500 -0.16048700
0.78473100 0.21975100 1.13998000
1.52153000 -0.29336200 2.10436200
1.44907700 -1.58625100 2.55741100
2.08639600 -1.93764400 3.36529800
0.73271400 -2.29237600 2.13861200
2.51998600 0.67937800 2.72512500
3.20189800 1.05964400 1.94922900
1.98465100 1.54778400 3.13628900
3.11589400 0.22092100 3.52374400
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Figure S224. Optimized structure of /Buz2P-P(SiMe3)LiTHF3.
Below are presented xyz coordinates for optimized geometry of tBu2P-P(SiMe3)LiTHFs3:

Li 1.30893300 0.66414000 0.00905200
Si -0.29051500 -2.94786600 -0.24978300
-0.59111300 -0.78535200 -0.66381900
-2.62093800 -0.72008600 0.19278700
2.66853900 0.16736100 -1.31761800
1.14300100 2.58647400 -0.35399400
2.33836300 0.43031200 1.67261600
-0.43422500 -3.47632900 1.58283100
-0.23209200 -4.55268200 1.69844900
-1.45751500 -3.28402300 1.93374900
0.24960400 -2.92792000 2.24549200
1.45064600 -3.45065900 -0.87035200
1.70081600 -4.47329700 -0.55070100
2.23756400 -2.77780200 -0.50299800
1.48101500 -3.43124400 -1.96924300
-1.53379400 -4.05180600 -1.17726600
-1.35367300 -5.11926600 -0.97607900
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-1.46996400
-2.55810700
-3.63328100
-2.92820700
-3.53591300
-1.95065900
-2.78044800
-3.84534500
-4.42060300
-4.39589000
-2.87906300
-5.00904900
-5.66147800
-4.92732600
-5.50241700
-2.50908300
-1.46133400
-1.35360000
-0.49240600
-1.76332100
-2.05991900
-1.85297300
-2.83239000
-1.14381600
-3.85431400
-3.72730900
-4.20140300
-4.64002300
4.07095800
4.32760200
4.24201500
4.76160800
5.71577500
4.95780600
3.70823200
3.52445000
4.03386400
2.43837500
2.30907300
1.50653000
1.11822200
2.12721500
0.41781200
0.64008700
0.09771800
1.49272100
0.54558200
-0.06136100
1.35911400
2.64390100
3.49475500
1.76744000
2.05792300
2.88246300
1.12349000
-0.24221500
-1.22574300
-0.38675600
2.92623300
2.72469600
3.97240500
1.97541400
0.95378500
2.26997300

-3.88793400
-3.81193700
0.06436600
1.18499000
1.46683700
0.83223100
2.08484400
-1.12880200
-0.79864700
-1.94208900
-1.52228200
0.55684300
0.74763000
1.49634000
-0.18894600
0.56523500
-0.02269900
0.64000400
-0.12926800
-1.01686200
1.97250800
2.59185100
2.48616200
1.91217400
0.62835000
1.19963400
-0.37997600
1.11873000
0.50175500
0.66795200
1.43149100
-0.70182300
-0.42704300
-1.47863800
-1.20075000
-2.27298800
-1.02396100
-0.38128500
0.45612400
-0.95014500
3.79333000
3.95104700
3.63011600
4.91457000
5.69770600
5.37696100
2.85272000
1.97783900
2.96829400
-0.98725100
-1.23710600
-1.56803800
1.07113300
1.76599300
1.63388900
4.14879300
3.93452200
4.68767500
-1.11872000
-2.13088200
-0.86817700
-0.06362400
-0.45827100
0.26441900

-2.26180800
-0.86153300
-1.25703700
-2.04159300
-2.91718500
-2.39682100
-1.43321100
-2.21873900
-3.09865100
-1.72820500
-2.56018900
-0.76834100
-1.63524300
-0.20684300
-0.13051800
1.63352700
2.60161100
3.47661900
2.09609700
2.95607800
1.21393900
2.10438400
0.62805500
0.61042600
2.38999000
3.32409800
2.65126300
1.80680800
-1.27170100
-0.22141700
-1.84065900
-1.93262600
-2.39696800
-1.18422200
-2.96740400
-2.84802900
-3.99890500
-2.64212800
-3.34655400
-2.58372600
0.46012100
0.85981300
1.29045100
-0.47240000
0.06909700
-0.98725900
-1.66236800
-1.91803300
-2.39435300
1.88773600
1.24536400
1.57415600
2.95452400
3.17041100
2.85286000
-1.47824800
-1.04313300
-2.42130900
3.38408900
3.75207200
3.60547200
3.98139500
4.02775900
4.98470900
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Figure S225. Optimized structure of /BuzP-P(SiMe3)LiTHF3.
Below are presented xyz coordinates for optimized geometry of tBu2P-P(SiMe3)LiTHFs3:

-0.80996300 0.02474400 1.20938300
0.69873700 0.00060100 -0.47066500
1.74181600 -1.56083200 -0.04393800
1.67918100 1.59185000 -0.02016100
-2.77030800 1.60528300 -1.07436300
-2.65940400 -1.47584900 -1.30231100
-4.16799400 -0.15680300 1.06915500
0.62301700 2.72124500 0.02162700
2.44083900 1.56762200 1.31549600
2.64591700 1.90044000 -1.18706400
2.05217300 -1.82882600 1.44169200
0.90998000 -2.73963600 -0.60365600
3.06681800 -1.48486800 -0.83427100
-3.70683600 1.64920700 -1.64874200
-2.73523200 2.48306400 -0.41590500
-1.93595800 1.67427700 -1.78458400
-3.54987600 -1.45962100 -1.94778200
-2.64696100 -2.43538400 -0.76795000
-1.77025100 -1.43042000 -1.94442100
-4.20637300 0.68849300 1.76909600
-5.10803900 -0.16794700 0.49863100

-4.12536300 -1.08136000 1.66106300
1.13374100 3.68751500 0.14764400
0.04286000 2.76365500 -0.90907100

-0.07122200 2.59641900 0.86294200
2.84032400 2.57119700 1.52958600
3.29094100 0.87566400 1.28409500
1.78070700 1.28116700 2.14426800
2.11350000 1.91548800 -2.14688200
3.09782800 2.89166800 -1.03059400
3.46004800 1.17175500 -1.25865800
2.61104200 -2.77398300 1.52449000
2.66292400 -1.03806100 1.88638100
1.13995700 -1.93216200 2.04026500
1.46642600 -3.67836000 -0.46237900
0.70962600 -2.61344700 -1.67502800

-0.05247000 -2.83989300 -0.08593300
2.89724900 -1.22828600 -1.88832800
3.75446000 -0.74929800 -0.40063400
3.56500000 -2.46542600 -0.79883000

-0.83746300 -1.38154000 1.42766600

-2.68031500 -0.01373700 -0.09888800

W I T I I I IIIIIIIIIIIIIIIIIIIIIIIOOOOOOOOOOOTT™D

272



E.3.17. Optimized structures of 4a-4e

Figure S226. Optimized structure of Z-4a.
Below are presented xyz coordinates for optimized geometry of Z-4a:

-2.27856300 -0.53384700 0.90967500
-2.99303400 -0.77080100 1.70524800
-0.68497000 -0.59820400 1.42095900
0.45805400 -0.09990700 -0.43008300
0.90181100 1.72731700 -0.08966400
-0.35548700 2.50930000 -0.51375400
1.23362400 2.10161400 1.36252000
2.06525900 2.14691600 -1.00005800
-0.61358600 2.32295100 -1.56122000
-1.21968800 2.24423600 0.10459200
-0.17900200 3.58503900 -0.39063100
2.10680600 1.56961700 1.74404000
1.44820500 3.17674400 1.41807500
0.39525700 1.90053000 2.03653100
2.16951800 3.23886400 -0.97649900
3.01637300 1.72244600 -0.66648200
1.89829200 1.84885000 -2.04069900
1.98426700 -1.21366800 -0.18180700
2.81644500 -1.16852000 -1.47653900
2.88275900 -0.89400800 1.01858300
1.43870100 -2.64700200 -0.03331700
2.20718200 -1.42557400 -2.34878700
3.26358300 -0.18797300 -1.65358100
3.63513700 -1.89614600 -1.40837500
2.32002800 -0.87023500 1.95714800
3.65660300 -1.66670300 1.11301600
3.39518600 0.06458200 0.89813500
2.27289100 -3.35800000 -0.07351800
0.92391700 -2.79690700 0.92105900
0.74271300 -2.90054600 -0.84071100
-2.93760800 -0.24267900 -0.41089700
-3.57355800 -1.52989400 -0.95820900
-3.98971900 0.86303800 -0.25061800
-2.17897400 0.09122500 -1.12521000
-4.31910500 -1.92757100 -0.25973900
-2.81428000 -2.29962200 -1.12237900
-4.77733200 0.55537900 0.44728800
-3.54472800 1.78741200 0.12941800
-4.07510400 -1.33023200 -1.91101800
-4.46068800 1.08269000 -1.21431800
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Figure S227. Optimized structure of E-4a.
Below are presented xyz coordinates for optimized geometry of E-4a:

-2.20672300 -0.23143600 -0.20095900
-2.05954400 0.03792600 -1.25014900
-0.90274800 -0.51477300 0.81015300
0.75113300 -0.08302300 -0.61513800
1.23968600 1.68474300 -0.07255200
0.23053300 2.60085300 -0.79046800
1.17875400 1.98522000 1.43248500
2.64529500 2.01105400 -0.59888000
0.27964100 2.47903600 -1.87714800
-0.79792700 2.40033600 -0.47137600
0.45327600 3.64853900 -0.55256300
1.85090500 1.35227200 2.01467500
1.47119300 3.02916700 1.60481500
0.16741000 1.85980400 1.83136200
2.83121600 3.08713100 -0.49287900
3.42418400 1.48979900 -0.03539100
2.75427500 1.75660200 -1.65864800
2.06388400 -1.33594000 -0.03435200
3.21486800 -1.33049300 -1.05728100
2.62782600 -1.13634100 1.37742900
1.38571100 -2.71746900 -0.11035100
2.84374300 -1.50040000 -2.07297400
3.77452900 -0.39277900 -1.05415400
3.92044300 -2.13549700 -0.81559700
1.83607200 -1.09542800 2.13235300
3.28694600 -1.97665600 1.63104700
3.22389200 -0.22268700 1.45293000
2.14039900 -3.50010400 0.03448000
0.62422800 -2.84743500 0.66538600
0.91215800 -2.88337800 -1.08423600
-3.64559000 -0.30988300 0.23225500
-4.30729300 1.07054900 0.10220500
-4.39281100 -1.35768400 -0.60536100
-3.68482000 -0.61363900 1.28611900
-4.27627600 1.41930600 -0.93666100
-3.79746900 1.81154600 0.72474700
-4.37222900 -1.09112600 -1.66848500
-3.93929200 -2.34670900 -0.49485100
-5.44068400 -1.42137700 -0.29392500
-5.35688500 1.02365400 0.41087500
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Figure S228. Optimized structure of Z-4b.
Below are presented xyz coordinates for optimized geometry of Z-4b
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-1.27300500
-1.80576900
0.39239600
1.12005100
1.59200600
0.26199100
2.20769700
2.53701500
-0.20478500
-0.45084700
0.44336600
3.14852300
2.41238000
1.52787700
2.62565200
3.54329300
2.16500800
2.68469500
3.23110300
3.80566400
2.20762300
2.45941400
3.61547300
4.05846800
3.44811400
4.59577900
4.26563400
3.02771800
1.90601000
1.36324700
-2.18429600
-2.92746400
-3.19387300
-1.58961100
-3.89170600
-3.48671100
-2.19537100
-4.15246500
-3.77030400
-2.66087800
-4.88271700
-4.42805000
-3.31161400
-4.87301800
-3.58157100
-5.53255300
-5.53519200

-0.47352400
-0.67421000
-0.53799300
-0.12357600
1.72238000
2.47402900
2.17493900
2.10055200
2.22809100
2.24079000
3.55570200
1.66796000
3.25253900
2.00588700
3.19285000
1.69996600
1.74741300
-1.21105400
-1.22567900
-0.82443300
-2.63940800
-1.53072000
-0.25252000
-1.94348300
-0.75727200
-1.58576000
0.13047600
-3.34507400
-2.74592800
-2.93797100
-0.21940900
-1.51393300
0.89735700
0.08986000
-1.27550100
-1.88248700
-2.28598500
1.13648800
0.61268700
1.82118000
-0.15023400
-2.20181400
-1.01116800
1.91893200
1.50849500
0.03114600
-0.46146200

1.55403700
2.48933500
1.72125300
-0.34829300
-0.19961500
-0.39533800
1.13266300
-1.34956700
-1.35473300
0.40243900
-0.37013100
1.35361800
1.08831600
1.97337300
-1.40263700
-1.19801500
-2.31731100
-0.36840200
-1.80797500
0.60350400
-0.04203100
-2.52182900
-2.12097100
-1.87572800
1.63588300
0.57291400
0.33399300
-0.22239700
1.00475700
-0.67323700
0.39054100
0.00470500
0.71232500
-0.47686200
-1.16078700
0.87699700
-0.25548700
-0.45695000
1.60475000
0.96348800
-0.85111000
-1.39466600
-2.05546500
-0.19428200
-1.31900600
-1.71432400
-0.02318700
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Below are presented xyz coordinates for optimized geometry of E-4b:

Figure S229. Optimized structure of E-4b.

-1.29195100 -0.21235000 -0.19835600
-1.14145700 0.04011200 -1.25103300
0.01003400 -0.49962500 0.81451300
1.66654600 -0.10707800 -0.61816800
2.15488900 1.67510700 -0.12376300
1.14837100 2.57175800 -0.86940900
2.09022400 2.01785700 1.37208800
3.56210700 1.98542800 -0.65546400
1.19935100 2.41907700 -1.95211400
0.11908400 2.38177900 -0.54657500
1.37219500 3.62547200 -0.66086000
2.76088600 1.40167800 1.97368900
2.38221000 3.06629500 1.51564000
1.07779200 1.90354400 1.77154800
3.74893100 3.06384800 -0.57870300
4.33915900 1.47914500 -0.07598400
3.67330300 1.70170200 -1.70753300
2.97763400 -1.34372500 -0.00039000
4.13021400 -1.36844200 -1.02120500
3.53960800 -1.10408700 1.40595600
2.29849600 -2.72637400 -0.03775600
3.76044300 -1.56648700 -2.03228100
4.69091000 -0.43159500 -1.04366100
4.83455900 -2.16706000 -0.75582700
2.74665700 -1.04167200 2.15815400
4.19842600 -1.93676900 1.68437400
4.13539100 -0.18846400 1.45620700
3.05211500 -3.50508100 0.13179900
1.53473000 -2.83277700 0.73934000
1.82729000 -2.92018000 -1.00763100
-2.72630500 -0.26099200 0.23922000
-3.37563600 1.13155000 0.11209600
-3.51407900 -1.29437500 -0.58826700
-2.77234100 -0.56079700 1.29642200
-4.85678900 1.10237600 0.49901800
-3.27583000 1.47567300 -0.92770800
-2.82910000 1.84658600 0.73698600
-4.99470100 -1.32028800 -0.19917100
-3.42107800 -1.03980900 -1.65408000
-3.06497300 -2.28505000 -0.45888700
-5.63030500 0.06709400 -0.32183500
-5.29464600 2.09805700 0.36768400
-4.94519400 0.85703500 1.56638800
-5.53070800 -2.04208400 -0.82527100
-5.08899100 -1.67106100 0.83784300
-6.67757000 0.03478300 -0.00176300
-5.63089700 0.37143000 -1.37790400
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Figure S230. Optimized structure of Z-4c.

Below are presented xyz coordinates for optimized geometry of Z-4c:
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3.23333600
2.08977000
2.11668900
3.34039900
4.47902600
4.44601400
3.18437400
5.40860300
0.95898600
1.26307400
-0.72095300
-1.31288900
-1.38930600
0.06546300
-1.90235500
-2.23875500
0.47283200
0.72300900
0.10129300
-2.92500400
-1.88873100
-1.26756200
-2.09794900
-3.30614400
-1.94947600
-3.06965600
-3.60843000
-4.08505100
-2.89971400
-2.91668400
-3.78575300
-4.56532800
-3.72052200
-5.01516600
-4.33809200
-3.84996000
-2.62436400
-2.13931900
5.66820500
5.59613200
5.78058900
6.57778800
1.16496200
3.39731900

0.14659500
-0.39468500
-0.92187200
-0.89934400
-0.34148500
0.19482500
0.54088300
-0.33117100
-1.52766500
-2.20106700
-1.46515700
0.00858200
1.61658300
2.12039200
1.49034500
2.65431900
2.27650800
1.42083100
3.07657400
1.11264800
2.48066700
0.83222300
3.63820200
2.42146100
2.73741100
-0.63611500
0.13749000
-0.56289000
-2.10642800
0.07697400
1.19282900
-0.29923400
-1.06145700
-1.06075000
0.47052400
-2.47664500
-2.75429800
-2.21462600
0.81911600
1.91233400
0.51371700
0.53749200
-0.40878200
-1.31970200

1.35470900
0.78514600
-0.51552500
-1.20214300
-0.63158900
0.65712200
2.36673200
-1.19458500
-1.18592000
-1.99190600
-1.12951600
0.43746900
-0.59592800
-0.64243600
-2.03798600
0.15300500
0.36129100
-1.16754800
-1.17942000
-2.08960000
-2.51125200
-2.63873300
-0.31159300
0.10314400
1.20606900
0.80327900
2.02093300
-0.34313900
1.23239900
2.86710400
1.80367500
2.33373600
-1.24684400
-0.04031900
-0.59604100
1.63614100
0.39445900
2.01377300
1.27915500
1.26286900
2.32373300
0.74225400
1.34999700
-2.20293200
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Figure S231. Optimized structure of E-4c.

Below are presented xyz coordinates for optimized geometry of E-4c:
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-4.75947600
-3.37715500
-2.51765100
-3.09888100
-4.47511200
-5.33320700
-5.39960300
-4.89892000
-1.06980800
-0.77516000
0.12432900
1.90368600
2.47303900
1.58258400
2.32405200
3.93191000
1.70266400
0.52260600
1.85732300
2.90886600
2.67232100
1.28034100
4.18241600
4.63062400
4.09972800
3.07913600
4.29968600
3.55030000
2.31544100
3.99332000
4.92109400
4.92835400
2.70986200
4.12769600
4.20248800
3.00259400
1.49206600
1.90351600
-6.82744300
-7.35327300
-7.16655400
-7.13370600
-2.46020900
-2.95517900

0.26544400
0.28375000
-0.04093000
-0.37886100
-0.39667100
-0.07510300
0.52054000
-0.66203300
-0.02049600
0.31105200
-0.46131800
0.00024100
1.65131600
2.71675400
1.78193300
1.92680500
2.71676400
2.55920600
3.71059400
1.03842300
2.77473300
1.68737900
2.96674600
1.28752500
1.78639800
-1.40936100
-1.37480600
-1.41678600
-2.71689700
-1.39839000
-0.48971400
-2.25419200
-1.39984400
-2.32998900
-0.56771000
-3.56619100
-2.87614300
-2.73305000
-0.09434600
0.14310900
-1.07881400
0.63512900
-0.62664800
0.55079900

-1.17166400
-1.33424000
-0.27646500
0.95854900
1.11490100
0.05343100
-2.01195300
2.08027000
-0.50004800
-1.49656400
0.60480400
-0.64277500
0.13634700
-0.53065600
1.65945300
-0.25706800
-1.61866700
-0.30450800
-0.15576200
2.20401400
1.97256100
1.97490900
-0.01323000
0.28977700
-1.33032900
-0.13155200
-1.06996100
1.32746400
-0.41640500
-2.12059900
-0.91845800
-0.88108500
2.02876600
1.52126200
1.54981500
-0.31840200
0.28719000
-1.43137600
0.24664500
-0.68153900
0.58518200
1.00384700
1.80163700
-2.29958000
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Figure S232. Optimized structure of Z-4d.
Below are presented xyz coordinates for optimized geometry of Z-4d:
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-2.74970500
-1.54006600
-1.45309700
-2.66323700
-3.88195300
-3.95856100
-2.74926500
-4.77514500
-0.22341300
-0.43402000
1.45165300
1.89811700
2.12487400
0.69279800
2.80072600
2.89585400
0.18002200
0.08624300
0.73139900
3.81766600
2.85480500
2.23303700
2.82386000
3.95850200
2.48866400
3.58860200
4.00101900
4.72832800
3.34366700
3.21705800
4.22054700
4.90863600
4.45687600
5.60782300
5.02960000
4.23586100
3.14839300
2.49843200
-0.63910500
-2.64794700
-5.15923200
-5.22210400
-4.92381400
-6.24431300
-4.57840000
-6.39188400
-6.39895600
-7.23040400
-6.55907200

0.53509700
-0.08555900
-1.24332800
-1.74792400
-1.13480800

0.03913500

1.41811300
-1.57758100
-1.96848200
-2.93245100
-1.80113000
0.19868900
1.24350700
1.63150200
0.55414300
2.52661300
2.18942000
0.75286000
2.26525600
0.22705100
1.26068200
-0.31699300
3.22787300
2.33066400
3.02414300
-0.18297900
1.03934800
-0.55841600
-1.35049700
1.31204900
1.91622800
0.79956200
-1.39290000
-0.86298700
0.28762500
-1.49506200
-2.29157200
-1.14896600
0.33307800
-2.65354600
0.67540500
1.77252600
1.46874700
2.14915200
2.60168600
0.05187700
-0.09270500
0.70254500
-0.92372000

-0.71656900
-0.46219100
0.32955900
0.83746600
0.60240300
-0.17785400
-1.34369400
1.02528600
0.62804700
1.10047100
0.50648200
-0.37312300
1.21327000
1.62751900
2.40774700
0.86990900
0.83762300
1.86968300
2.52249000
2.18415000
3.24628700
2.74747200
1.71082400
0.70059400
-0.01689100
-1.16764600
-2.00841500
-0.21332700
-2.14285400
-2.72207100
-1.39561400
-2.57699600
0.44090300
-0.79530100
0.41087000
-2.76452700
-1.61974000
-2.81022900
-0.89621800
1.43900000
-0.40357200
-1.34756300
-2.36147600
-1.39124800
-1.03318600
0.03132200
1.11756200
-0.21804000
-0.44831200

279



Figure S233. Optimized structure of E-4d.
Below are presented xyz coordinates for optimized geometry of E-4d:

0.82516200 -0.42614500 0.61066400
2.61129400 0.03515400 -0.62539600
-6.01675300 -0.12779800 0.08721300
-0.36143500 -0.00420400 -0.51733500
-0.04881600 0.32391800 -1.50989900
-1.80513600 -0.03215100 -0.32400900
-2.41852900 -0.38185500 0.89142700
-1.79950000 -0.63467000 1.74785900
-3.79271200 -0.40799300 1.03485400
-4.20632600 -0.67981900 1.99807200
-4.64642000 -0.08373500 -0.04620600
-4.03648300 0.28382400 -1.26447500
-4.63738300 0.55702300 -2.12286100
-2.65638500 0.30285700 -1.38780000
-2.22217600 0.58780800 -2.34287900
-6.60453800 -0.35609300 1.39129600
-6.30199700 -1.32800500 1.79722400
-7.69072300 -0.36379500 1.29805900
-6.32774200 0.42292600 2.11643800
-6.85581700 0.35980900 -0.98770400
-6.67578700 1.42209500 -1.20826300
-7.90273000 0.24278700 -0.70699700
-6.69466700 -0.21479000 -1.90701000
3.23519100 1.63653400 0.21300000
3.10868000 1.70824900 1.74199800
2.06786800 1.61597700 2.06693600
3.47749300 2.68202800 2.08996200
3.68880800 0.93421000 2.24779700
2.36167300 2.74926200 -0.39703200
2.46934200 2.79255900 -1.48556300
2.66257400 3.72027600 0.01608200
1.30112500 2.60391200 -0.16525300
4.69496500 1.89504200 -0.18804200
5.38519400 1.21794000 0.32310900
497320800 2.91816700 0.09448900
4.84612600 1.79446200 -1.26829200
3.75773600 -1.42294400 -0.18607700
4.97174000 -1.37805300 -1.13247900
4.65650300 -1.35176800 -2.18046700
5.58173800 -2.27845500 -0.98496500
5.61428500 -0.51392800 -0.95091900
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2.96186800 -2.69950500 -0.51816500
2.13934300 -2.86645900 0.18424800
3.62986200 -3.56785000 -0.46145300
2.54181800 -2.66304900 -1.52933200
4.24007000 -1.50289100 1.26713600
491626400 -0.68082100 1.51782500
4.79455200 -2.43817800 1.41884800
3.40537800 -1.49195100 1.97537700
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Figure S234. Optimized structure of Z-4e.
Below are presented xyz coordinates for optimized geometry of Z-4e:

-0.79639300 2.27711500 0.42117700
0.52210400 1.65938500 0.21753400
0.79045100 0.70062000 -0.76932300
-0.00613400 0.36776400 -1.42385000
2.06042900 0.15747400 -0.90452300
2.23454200 -0.59888700 -1.66431100
3.11053900 0.54342400 -0.06188200
2.84913400 1.51323900 0.91278600
3.65244000 1.85690300 1.55780800
1.58313000 2.06919400 1.03974100
1.40852000 2.83157700 1.79436400
4.46315100 -0.05100800 -0.20328600
5.02265100 -0.26742600 -1.46853100
4.46824000 0.02503500 -2.35555500
6.29115700 -0.82491800 -1.60010700
6.71148900 -0.97770800 -2.58934200
7.02366400 -1.17572400 -0.46796500
8.01306300 -1.61021600 -0.57032200
6.47757600 -0.96498300 0.79640200
7.03722300 -1.24258800 1.68431200
5.20864000 -0.40824300 0.92696000
4.78032200 -0.26925800 1.91544100
-2.44259400 -1.20501500 1.27553200
-3.19319900 -0.54651000 2.44237400
-4.25990600 -0.42794300 2.24412400
-3.08847000 -1.17495800 3.33620300
-2.78226200 0.43780400 2.68604400
-0.95012200 -1.29091100 1.64670800
-0.51540900 -0.30226300 1.82131000
-0.84001900 -1.86939500 2.57251600
-0.36404500 -1.78258500 0.86416200
-2.97421300 -2.63220500 1.07413400
-4.05946200 -2.64972700 0.94047700
-2.50908400 -3.12484700 0.21365400
-2.74616900 -3.23005600 1.96527600
-4.23716400 -0.30388100 -1.13741600
-4.43009000 -1.65050800 -1.85912500
-3.63104200 -1.82931900 -2.58556300
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-4.45626800 -2.49702800 -1.16993200
-5.38410300 -1.63809600 -2.40122600
-4.25654800 0.79955800 -2.21305600
-3.41087600 0.70664300 -2.90353600
-5.17892800 0.71510200 -2.80043900
-4.23542300 1.80369500 -1.77810700
-5.39686800 -0.07212100 -0.16175000
-5.50411800 -0.89935000 0.54534700
-5.27640800 0.85574300 0.40634200
-6.33766000 0.00052800 -0.72234600
-2.41257200 1.83789300 0.27919100

-2.47750100 -0.28637300 -0.40209000

-0.72156100 3.29129300 0.82231600
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Figure S235. Optimized structure of E-4e.
Below are presented xyz coordinates for optimized geometry of E-4e:

0.44909700 -0.09787500 -0.56315900
-1.00434300 -0.07647000 -0.37814800
-1.61943000 -0.20785300 0.87802700
-1.00530200 -0.32608600 1.76615100
-2.99959400 -0.19534100 1.00042900
-3.44943600 -0.32281900 1.98066000
-3.82597400 -0.04604400 -0.12322200
-3.21727700 0.09118700 -1.37513700
-3.83265800 0.23449500 -2.25837200
-1.83365200 0.07695900 -1.49890100
-1.38358300 0.19225700 -2.48131100
-5.30364300 -0.03027400 0.01354900
-5.91873000 0.66483600 1.06208800
-5.30680700 1.21732600 1.76925500
-7.30457400 0.67996200 1.18990300
-7.76355400 1.23117600 2.00483700
-8.10075900 -0.00002300 0.27065900
-9.18154700 0.01163200 0.37005900
-7.50027100 -0.69531300 -0.77686400
-8.11179100 -1.23526900 -1.49318300
-6.11435400 -0.71035900 -0.90362300
-5.65327000 -1.27495600 -1.70886800
3.96523000 1.64732000 -0.10249800
3.75990700 2.02554900 1.37183600

4.32164600 1.38361500 2.05284200

4.09879300 3.05748600 1.53043700
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TV UVUITITOIIIOIIITOOIIIOIIIOLI

2.70472500
3.10037100
2.03271900
3.36162700
3.26029700
5.43779500
6.11534100
5.64483000
5.67979000
4.58509200
5.83716300
5.56724300
6.45175800
6.46001100
3.83319800
3.45790800
451713700
2.98547900
5.00568200
5.64729100
4.14166200
5.57875800
1.60711700
3.42637800
0.77290000

1.98088400
2.58327100
2.45953000
3.62673000
2.40496900
1.86257500
1.32458800
1.55002600
2.92966600
-1.41162900
-1.52330700
-1.72163300
-0.62100900
-2.35524600
-2.75343000
-2.93988400
-3.57017200
-2.80035200
-1.17528600
-0.29563500
-1.05072000
-2.03928000
-0.37851000
-0.11357200
0.07917900

1.65875300
-0.96780900
-0.75727500
-0.75193100
-2.03587100
-0.48231300

0.18655100
-1.51149500
-0.40254400

0.15690200
-0.73270700
-1.77484300
-0.70807100
-0.38051900

0.06546100
-0.94671600

0.32654800

0.75654800

1.61224800

1.71365200

2.27284400

1.97265300
0.62822400
-0.61899600
-1.58953300
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PART F. Experimental and theoretical UV-VIS spectra of phosphaalkenes isolated in the solid
state form

UV-VIS Solution electronic spectra were recorded in the range 250-650 nm on a Unicam SP300 spec-
trometer. Quartz cuvettes and pentane as solvent were used. TD-DFT calculations for 3a, 3¢, 3d, 3e, 3f,
4d and 4e were carried out using CAM-B3LYP functional with 6-31+G(d,p) basis set including presence
of a solvent (pentane) using the CPCM polarizable conductor calculation model.1¢
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Figure S236. UV-VIS spectrum for phosphanylphosphaalkene 3a in pentane.
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Figure S237. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 3a.
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Figure S238. UV-VIS spectrum for phosphanylphosphaalkene 3¢ in pentane.
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Figure S239. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 3c.
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Figure S240. UV-VIS spectrum for phosphanylphosphaalkene 3d in pentane.
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Figure S241. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 3d.
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Figure S242. UV-VIS spectrum for phosphanylphosphaalkene 3e in pentane.
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Figure S243. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 3e.
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Figure S244. UV-VIS spectrum for phosphanylphosphaalkene 3f in pentane.
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Figure S245. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 3f.
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Figure S246. UV-VIS spectrum for phosphanylphosphaalkene 4d in pentane.
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Figure S247. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 4d.
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Figure S248. UV-VIS spectrum for phosphanylphosphaalkene 4e in pentane.
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Figure S249. Theoretical UV-VIS spectrum for phosphanylphosphaalkene 4e.
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Table S8. UV-VIS spectroscopic data of 3a, 3¢, 3d, 3e, 3f, 4c and 4d in pentane at room temperature.

Experimental Theoretical
n -n* [A/nm (log €) n- o* [AM/nm (log €) 7 -1* [Mnm (log €) n- o* [Mnm (log €)

3a 322 (4.09) 440 (3.28) 340 (4.45) 412 (3.49)
3c 320 (3.29) not visible 351 (4.49) E 433 (3.56) E
not visible not visible 343 (4.47)_Z 426 (3.42)_Z

3d 332 (4.11) 480 (3.18) 349 (4.54) 445 (3.46)

3e 356 (4.27) 456 (3.69) 354 (4.46) 410 (3.87)
3f 264 (3.93) not visible 280 (4.36)_E 374 (2.65)_E
not visible not visible 253 (4.51) 7z 358 (2.61) Z
4d 316 (4.04) E not visible 369 (4.51) E 391 (4.31) E
388 (4.06)_Z not visible 380 (4.64)_7 359 (4.22) 7
4e 277 (4.18) not visible 320 (4.7)_E 395 (3,65) E
not visible not visible 349 (4.7).Z 400 (4.32) Z
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