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1. Synthetic procedures

All syntheses were carried out under an atmosphere of dry nitrogen employing standard Schlenk-line and
glovebox techniques. Solvents were purified, dried and degassed according to standard procedures. *H and
BC{*H} NMR spectra were recorded on a Bruker DRX 500, Bruker Avance Neo 500, Bruker Avance 400 or
Bruker Avance 300 and internally referenced to the residual solvent resonances (for CDCls, H at § 7.26,
BC{H} at 6 77.16; for CD.Cly, *H at 6 5.32, *C{*H} at 6 53.84; for THF-ds, 'H at § 3.58, 1.72, BC{*H} at ¢
67.21, 25.31; for Tol-ds, *H at 6 7.09, 7.01, 6.97, 2.08, C{H} at § 137.48, 128.87, 127.96, 125.13, 20.43).
31p{'H} and “B{*H} spectra were recorded on a Bruker Avance 400 or Bruker Avance 300 and externally
referenced (85% H3PO4 and BFs-OEt,, respectively). F NMR spectra were recorded on a Bruker Avance
250 and externally referenced (CFCls). The *H and **C resonance signals were attributed by means of 2D
HSQC and HMBC experiments. Melting points were measured on samples in sealed capillaries on a Buchi
M-565 melting point apparatus and are uncorrected. High resolution mass spectra (HR-MS) were recorded
on an AccuTOF GC v 4g, IMS-T100GCV Mass spectrometer (JEOL, Japan) using field desorption (FD) as
ionization method or on an AccuTOF LC, JMS-T100LP Mass spectrometer (JEOL, Japan) using
electrospray ionization (ESI). The FD probe was equipped with a FD Emitter, Carbotec or Linden
(Germany), FD 10 um. Infrared spectra were recorded on a Nicolet iS50 FT-IR Spectrometer.

1,2,3-tris-tert-butylcyclopropenium tetrafluoroborate 1* and [Na(OCP)(dioxane).s]?> were prepared according
to literature procedures. All other reagents were purchased from commercial resources and used without

further purification.

Characterization of 1,2,3-tris-tert-butylcyclopropenium tetrafluoroborate 1:

©  H NMR (400.1 MHz, CDCls, 297 K): & 1.53 (s, 27H; C(CHa)s); “B{*H} NMR (128.4

Bu BF
tB4 MHz, CDCls;, 297 K): 3 -1.3 (s); C{*H} NMR (100.6 MHz, CDCls, 297 K): 5 182.9 (s;
u
B CC(CHz)s), 35.3 (s; C(CHs)s), 28.2 (s; CH3); “F{*H} NMR (235.3 MHz, CDCls, 292 K):
u
1 3 -150.4 (s).

Preparation of 1,3-bis(cyclopropenyl)-1,3-diphosphetane-2,4-dione 3:

Toluene (45 mL) was added to a stirred mixture of 1 (0.660 g, 2.24 mmol,

O 1Bu
Bu tBuP)LP 1.05 equiv) and [Na(OCP)(dioxane)..7] (0.680 g, 2.13 mmol, 1.00 equiv) at —
s tBu 78 °C.% The resulting yellow suspension, which was protected from light, was
u
Bu (33 allowed to warm to room temperature and stirred for 18 hours.* After this

time, the reaction mixture was filtered through a cannula and evaporated to
dryness to give analytically pure 3 as a yellow powder in 97% yield (0.550 g, 1.03 mmol). Low-quality
single crystals were obtained from a concentrated toluene solution of 3 at 20 °C (Figure S1). In the unit cell

of 3 are two independent molecules with crystallographic Ci-symmetry. One of these diphosphetanedione
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molecules is disordered (see Figure S1 (right), disorder not completely solved). In the other molecule the
tert-butyl groups are slightly disordered (also this disorder is not solved). Due to the problems caused by
disorder only the constitution and conformation could be determined (see Figure S1 (left)). Note: if an excess
of [Na(OCP)(dioxane).-] is used during the synthesis, an impurity (8P (CDCls): —38.2 ppm) forms which
can be removed by recrystallization of the product from Et,O (1 mL) at —78 °C.

MP: >132 °C (decomposition). *H NMR (300.1 MHz, CDCls, 295 K): § 1.26 (s, 36H; =CC(CHs3)s), 0.98 (s,
18H; PCC(CHjs)s); *C{*H} NMR (100.6 MHz, THF-ds, 293 K):  224.8 (t, YJcp = 43.5 Hz; C=0), 128.0 (s;
C=C), 57.1 (ps. t, Ycp + 3Jcp = 31.5 Hz; PCC(CHs)3), 38.0 (ps. t, 2Jcp + *Jcp = 14.1 Hz; PCC(CHs)s), 31.9
(s; =CC(CHa)3), 30.7 (s; =CC(CHs)3), 30.5 (s; PCC(CHs)s); **P{*H} NMR (162.0 MHz, CDCls, 293 K): &
119.0 (s). IR (CH:Cly): v(CO) = 1627 (s) cm™. HRMS (FD): calcd for CisH,7 (0.5 M — PCO) 207.2113,
found 207.2111 [CstBus]™.

¥

Figure S1. Molecular structure of the ordered molecule of 3 (left) and content of the unit cell of compound 3 (right).

Preparation of bis(cyclopropenyl)diphosphene 4:

Compound 3 (0.400 g, 0.751 mmol) was dissolved in toluene (40 mL). The resulting bright yellow solution

was irradiated under vigorous stirring by a 400W xenon lamp (A = 185-2000 nm) for 3h at 20 °C to give an

orange solution.® Removal of the solvent in vacuo gave product 4 as a yellow powder in

tBu><(tBu 99% vyield (0.355 mg, 0.745 mmol). Crystals suitable for X-ray crystallography were
\

By R grown from a saturated toluene solution at 20 °C.

B
P Y MP: >114 °C (decomposition). "H NMR (300.1 MHz, CD.Cl,, 295 K): & 1.25 (s, 36H;
o/ U =CC(CHs)s), 1.10 (s, 18H; PCC(CHs)s): “C{IH} NMR (100.6 MHz, THF-ds, 297 K):
4 128.6 (S; C:C), 53.9 (pS t, lJC,p + ZJC,p = 24.6 Hz; PCC(CH3)3), 38.4 (pS t, ZJCYP + 3JQP =

14.2 Hz; PCC(CHa)s), 33.0 (s; =CC(CHs)s), 31.8 (5; =CC(CHs)s), 31.2 (s; PCC(CHa)s); *P{*H} NMR (162.0
MHz, THF-ds, 297 K): § 585.3 (s). HRMS (FD): calcd for CisHzr (0.5 M — P) 207.2113, found 207.2123
[CtBus]".
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Preparation of cyclopropenyl-1,5-diphosphabicyclo[2.1.0]pent-2-ene 5:

Compound 4 (0.300 g, 0.629 mmol) was heated in refluxing toluene (20 mL) for 20 hours. The resulting pale
yellow solution was evaporated to dryness to give 5 as a pale yellow solid in 97% yield (0.290 g, 0.610
mmol). Crystals suitable for X-ray crystallography were grown from a saturated Et,O solution of 5 at 20 °C.

MP: 147 °C. *H NMR (400.1 MHz, CDCl3, 296 K): 1.30 (s, 18H; C>%C(CHs3)3),
tBu tBu 5 tBu

Bus \p) 1.29 (s, 18H; C22C(CHy)s), 1.23 (s, 9H; C3C(CHa)s), 1.06 (s, 9H; C*C(CHa)s);
1

XE; g, “CLH} NMR (100.6 MHz, THF-ds, 293 K): 162.3 (dd, 2cp = 174 Hz, 2cp =

Bu 5 3.6 Hz; C3), 131.2 (br. s; C°%), 54.3 (dd, Wcp = 95.6 Hz, 2Jcp = 1.8 Hz; C%), 38.0

(d, 2Jcp = 17.9 Hz; C*C(CHa)s), 37.1 (5; C3C(CHa)s), 34.7 (dd, 2Jcp = 7.8 Hz, 2Jcp

= 3.9 Hz; C12C(CHs)3), 33.1 (d, 3Jcp = 8.5 Hz; C12C(CHs)s), 32.5 (s; C35C(CHs)s), 32.4 (d, “Jcp = 2.8 Hz;
C3C(CHa)s3), 31.8 (d, 3Jcp = 5.6 Hz; C*C(CHs)s), 31.6 (br. s; C>®C(CHs)s), C! and C? are not observed;
3P{IH} NMR (162.0 MHz, THF-ds, 293 K): 53.5 (d, YJpp = 171.0 Hz; P1), ~169.1 (d, XJpp = 171.0 Hz;
P2).5 HRMS (FD): calcd for CisHz7 (0.5 M — P) 207.2113, found 207.2107 [CatBus]*.
IH NMR (499.9 MHz, THF-ds, 193 K): 1.46 (s, 9H; C'C(CHa)s), 1.43 (s, 9H; C5° 5C(CHa)s), 1.22 (s, 9H;
C3C(CHa)s), 1.14 (s, 9H; C®° SC(CHa)s), 1.09 (s, 9H; C2C(CHs)s), 1.06 (s, 9H; C*C(CHa)s); BC{*H} NMR
(125.7 MHz, THF-ds, 193 K): 161.9 (d, 2Jcp = 16.6 Hz; C3), 156.6 (ps. t, Wcp + 2Jcp = 15.2 Hz; C?), 134.2
(d, 2Jcp = 7.5 Hz; C° or C8), 127.7 (s; C® or C®), 58.7 (d, 1Jcp = 92.3 Hz; C1), 53.3 (d, cp = 93.0 Hz; C*),
38.1 (d, Zcp = 18.6 Hz; C*C(CHa)s), 37.3 (s; C3C(CHs)s), 35.0 (s; CC(CHa)s), 34.3 (d, Xcp = 9.2 Hz;
C2C(CHa)s), 33.7 (s; CXC(CHa)s), 32.7 (S; C5° C(CHa)s), 32.3 (S; C8 SC(CHa)s), 32.0 (br. s; C3C(CHa)s and
C2C(CHy3)3), 31.8 (s; C*C(CHs)3), 31.7 (s; C°°"®C(CHs)3), 31.0 (s; CE°"5C(CHs)s).

Preparation of phosphatricyclo[2.1.0.02%]pentan-3-one 7 and cyclopropenyl-2-oxa-1,4-
diphosphabicyclo[3.2.0]hepta-3,6-diene 8:

Compound 3 (0.420 g, 0.788 mmol) was heated in refluxing toluene (60 mL) for 20 hours. The resulting pale
yellow solution was evaporated to dryness to give the crude product as a yellow oil, which solidifies upon
cooling to —78 °C. Recrystallization from Et,O (0.5 mL) at —78 °C gave 7 as colorless crystals in 55% vyield
(0.230 g, 0.863 mmol). Crystals suitable for X-ray crystallography were grown from a saturated Et,O
solution of 7 at —78 °C.

P 7: MP: 43 °C. 'H NMR (300.1 MHz, CDCls, 296 K): 1.34 (s, 9H; C'C(CHs)s), 1.19
tBuﬁtBu (s, 18H; C?C(CHs3)3); *C{*H} NMR (100.6 MHz, CDCl3, 293 K): 184.0 (d, 2Jcp = 1.8
4 tBu  Hz; C=0), 73.1 (d, Ycp = 27.7 Hz; C?), 53.3 (d, Ycp = 63.2 Hz; CY), 32.7 (s;
7 CIC(CHj3)s), 30.3 (d, 3Jcp = 3.6 Hz; C2C(CHs)s), 30.2 (s, C2C(CHs)s), 29.9 (d, 2Jcp =
4.2 Hz; C'C(CHa)3); 3P{H} NMR (121.4 MHz, CDCls, 297 K): —384.1 (5). IR

(CH.Cl): v(CO) = 1722 (s) cm™. MS (FD): calcd for C16H270:P1 (M) 266.2, found 266.2.
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Isolation of 8:

After removal of 7, the filtrate was evaporated to dryness. Subsequent chromatography under an inert

atmosphere of the residue over Al,O3z with pentane as eluent yielded 8 as a yellow solid in 7% yield (0.028 g,

0.055 mmol). Crystals suitable for X-ray crystallography were grown from a saturated dichloromethane

solution at 25 °C.

8: MP: 70-72°C. 'H NMR (400.1 MHz, CD.Cl,, 296 K): 1.34 (s, 9H;

Bu ; tBu p2 tBlzj tBu  C2C(CHs)s), 1.31 (d, “Jnp = 1.1 Hz, 9H; C3C(CHa)s), 1.26 (s, 9H; CC(CHs)s),

j?‘ﬁ(o?étls‘( 1.26 (s, 9H; C'C(CHs)3), 1.16 (s, 9H; CC(CHs)s), 0.99 (s, 9H; C°C(CHs3)s);

fBu Bu BC{*H} NMR (100.6 MHz, CDCl,, 297 K): 221.1 (dd, *Jcp = 64.0 Hz, 2Jcp =

8 15.0 Hz; PC*0), 172.1 (d, 2Jcp = 11.6 Hz; C?), 148.4 (dd, XJcp = 17.8 Hz, 3Jcp =

2.0 Hz; C?), 124.9 (d, Jcp = 6.8 Hz; C7), 124.0 (d, 3Jcp = 5.2 Hz; C°), 66.0 (d, Ncp = 48.2 Hz; CY), 46.5 (d,

2Jep = 17.7 Hz; C%), 36.8 (d, 3Jcp = 1.7 Hz; C?C(CHa)3), 35.6 (dd, 2Jcp = 12.1 Hz, 2Jcp = 9.3 Hz;

C!C(CHzs)s), 35.0 (d, 3Jcp = 1.9 Hz; C°C(CHa)s), 34.4 (d, 2Jcp = 11.9 Hz; C3C(CHg)s), 32.9 (d, *Jcp = 4.3 Hz;

C2C(CHzs)s), 32.4 (d, 3Jcp = 7.9 Hz; C3C(CHys)s), 31.7 (s; C'C(CHz3)s), 31.6 (s; C®C(CHa)s), 31.0 (d, %Jcp =

3.8 Hz; C'C(CHa)s), 30.8 (d, ®Jcp = 2.0 Hz; C5C(CHg)s), 30.7 (d, 3Jcp = 8.7 Hz; C'C(CHa)s3), 30.6 (d, “Jcp =

3.7 Hz; C5C(CHy)s); *'P{*H} NMR (162.0 MHz, CD,Cly, 297 K): 153.9 (d, 2Jpp = 4.8 Hz; P2), 134.5 (d,
2Jpp = 4.8 Hz; P1).8 HRMS (FD): calcd for C31Hs:01P, (M) 504.3650, found 504.3635.

Preparation of Rhodium complex 11:

Compound 7 (0.100 g, 0.376 mmol, 1.00 equiv) and RhCI(PPhs)z (0.348 g, 0.376 mmol, 1.00 equiv) were
heated in refluxing dichloromethane (10 mL) for 100 hours. The resulting brown solution was evaporated to
dryness and recrystallized from Et,O (4 mL) at —78 °C to give 11 as brown crystals in 55% yield (0.137 g,
0.206 mmol). Crystallization from Et,O/n-pentane at 20 °C afforded X-ray quality crystals.

MP: 119 °C (decomposition). *H NMR (400.1 MHz, CD,Cl;, 296 K): 7.67 (dd, 3Jup

tBu
PP, oA = 11.0 Hz, 3Jun = 7.7 Hz, 6H; 0-PhH), 7.44 (dt, %Jup = 2.0 Hz, 3Jun = 7.7 Hz, 3H; p-
3k,
CI/Rh JF7O  PhH), 7.38 (dt, “np = 2.2 Hz, *Jun = 8.0 Hz, 6H; m-PhH), 1.73 (s, 9H; C?C(CHa)y),
3N2
tBu - 1.42 (d, 4\]H,P = 2.5 Hz, 9H; C1C(CH3)3), 0.72 (d, 4\]H,P = 0.8 Hz, 9H: CSC(CHg)g),

» BC{*H} NMR (125.7 MHz, CD,Cl,, 298 K): 183.5 (m; C=0), 135.6 (dd, 2Jcppn =

11.1 Hz, “Jcp = 1.8 Hz; 0-PhC), 133.0 (d, Wcppn = 43.3 Hz; ipso-PhC), 130.9 (d, “Jc.pen

= 2.3 Hz; p-PhC), 128.6 (d, 3Jcpen = 10.1 Hz; m-PhC), 128.3 (dd, Ycp = 62.9 Hz, Xcn = 11.6 Hz; CY), 109.9

(dt, 2cp = 20.7 Hz, Ycgn = Jepen = 3.5 Hz; C?), 96.5 (dd, YJcp = 67.3 Hz, crn = 15.5 Hz; C%), 37.7 (d, 3Jcp

= 1.7 Hz; C2C(CHa)s), 36.0 (d, 2cp = 15.4 Hz; C'C(CHs)s), 34.9 (d, 2Jcp = 10.5 Hz; C3C(CHa)s), 33.4 (d,

3Jcp = 14.5 Hz; CYC(CHa)s), 31.3 (d, “Jcp = 2.6 Hz; C2C(CHa)s), 29.0 (d, 3Jcp = 6.0 Hz; C3C(CHa)s); 3P{*H}

NMR (162.0 MHz, CD,Cl,, 297 K): 32.9 (dd, Jppnrn = 171.2 Hz, Jppnp = 11.0 Hz; PPhs), —24.9 (dd, Jprn =

30.3 Hz, Jeppn = 11.0 Hz; PCstBusCO). IR (CH.Cly): v(CO) = 1644 (s) cmt. HRMS (ESI): calcd for
CasH4,0:1P,Rh* (M — Cl) 631.1766, found 631.1736.

S5



Demetallation of complex 11:

1,1,1-Tris(diphenylphosphinomethyl)ethane (triphos) (0.060 g, 0.096 mmol, 1.07 equiv) was added to a
solution of complex 11 (0.060 g, 0.090 mmol, 1.00 equiv) in CD,Cl; (0.6 mL) in an NMR tube at 20 °C. The
resulting dark orange solution was immediately analysed using 3P{*H}, *H and *C{*H} NMR spectroscopy,
showing ca. 100% conversion towards 12, PPhs and a mixture of new Rh-complexes (see Figures S11, S12
and S13).

In situ characterization of phosphacyclopentadien-3-one 12:

sy HNMR (300.1 MHz, CD;Cl,, 298 K): 1.43 (d, “Jup = 0.8 Hz, 9H; C*C(CHa)3), 1.32 (s,

p=l 9H; C2C(CHa)s), 1.27 (d, “Jup = 1.3 Hz, 9H; CC(CHa)s); BC{*H} NMR (100.6 MHz,
By’ 0 © CD:Cly, 298 K): 202.8 (d, 2Jcp = 5.8 Hz; C=0), 195.4 (d, Ycp = 31.4 Hz; CY), 151.5 (d,
Bu  13., = 32.1 Hz; C%), 143.3 (d, Zcp = 6.1 Hz; C?), 37.4 (d, 2cp = 10.9 Hz; C'C(CHa)s),

12 35.6 (d, 2Jcp = 18.9 Hz; C3C(CHa)s), 35.1 (5; C2C(CHa)s), 32.3 (d, 3Jcp = 12.6 Hz;

C3C(CHa)s), 32.1 (s; C2C(CHa)s), 30.9 (d, Jcp = 11.5 Hz; CIC(CHa)s); *P{*H} NMR (121.5 MHz, CD,Cl,,
298 K): 303.1 (s).

Isolation of bis(phosphole)-3,7-dione 13:

Evaporation to dryness of the reaction mixture led to dimerization of 12 as observed by *P{*H} NMR
spectroscopy. Subsequent chromatography on air of the residue over silica with pentane as eluent gave 13 as
a yellow solid in 42% yield (0.010g, 0.019 mmol). Crystals suitable for X-ray crystallography were grown
from a saturated pentane solution at 25 °C.
MP: 186 °C (decomposition). *H NMR (400.1 MHz, CDCls, 299 K): 1.56 (s,
18H; C3C(CHs)3), 1.34 (s, 18H; C*C(CHs3)3), 1.12 (s, 18H; C'C(CHz3)s); BC{*H}
p_/ tBu NMR (100.6 MHz, CDCls, 299 K): 206.1 (s; C=0), 175.9 (m; C?), 158.0 (s;
Bu *\g, C?), 47.7 (m; CY), 37.9 (t, Jep = 16.0 Hz; CIC(CHa)s), 37.6 (d, 2Jcp = 9.9 Hz;
13 C3C(CHs)3), 37.4 (s; C2C(CHs3)3), 33.4 (ps. t, 3Jcp + %Jcp = 5.1 Hz; C3C(CHa)s),
32.2 (s; C2C(CHa)s), 28.4 (t, 3Jcp = 7.8 Hz; CIC(CHs)s); 3P{*H} NMR (162.0 MHz, CDCls, 299 K): —13.4
(). IR (CH2Clp): veymCO = 1716 (M), VasymCO = 1662 (s) cm™*. HRMS (FD): calcd for C3:Hs:0:P, (M)
532.3599, found 532.3593.

tBu {Bu

P
tBu / 1 2

VT NMR Spectroscopy:

Compound 5 (0.10 mmol) was dissolved in THF-dg (0.6 mL) and loaded into an NMR tube. The sample was
used to record VT *H NMR spectra using a Bruker Avance Neo 500 in the temperature range of —80 °C to
25 °C (Figure S2). Additionally, *C{*H}, 2D HSQC and HMBC experiments were recorded at —80 °C and
25 °C to assign *H and *C resonance signals. The VT NMR spectra showed a complex dynamic process, in
which two groups of signals (green and yellow) coalesce which complicates the determination of the

coalescence temperature.
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Figure S2. VT 'H NMR (499.9 MHz, THF-ds) spectra of 5.

Dimerization of cyclopropenylphosphaketene 2: monitoring of the reaction overtime

.09
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Figure S3. *P{*H} NMR spectrum recorded at —91 °C after 60 min after mixing 1 and [Na(OCP)(dioxane)z7] at —
78 °C.
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Figure S4. 3P{*H} NMR spectrum recorded at RT after 10 min after mixing 1 and [Na(OCP)(dioxane)].
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Figure S5. 3P{*H} NMR spectrum recorded after 90 min after mixing 1 and [Na(OCP)(dioxane).s] at RT.
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Figure S6. 3P{*H} NMR spectrum recorded at RT after 18 hours after mixing 1 and [Na(OCP)(dioxane)z.7].

Thermolysis of diphosphetanedione 3: monitoring of the reaction over time
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Figure S7. 3'P{*H} NMR spectrum recorded after 1 hour of heating 3 in refluxing toluene. Spectrum range: from 182.1
ppm to —282.1 ppm.
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@ ~ Current Data Parar
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| ! EXPNO Z
PROCNO 1
F2 - Acquisition Parameters
Date_ 20161018
Time
INSTRUM
EROBHD 5
PULPROG
¢ product 7
¢ phosphaketene 2
75187.969 Hz
1.147277 Hz
0.4358144 sec
145%6.5
6.650 usec
6.00 usec
290.9 K
2,00000000 sec
0.03000000 sec
1.89¢ sec
******** CHANNEL fl ========
6.25 usec
1.00 4B
161.9270003 MHz
= CHANNEL f2
CPDPRG[2Z2 walt
NucCz 1H
PCPDZ 80.00 usec
PL2 3.00 dB
PL1Z 18.00 dB
* PL13 18.00 dB
SFo2 400.1316005 MH=z
L}
FZ - Processing parameters
sI 32768
SF 161.9755930 MHz
WDW EM
S5B 0
T T T T T T T T T LB 1.00 Hz
-100 -150 -200 -250 -300 -350 -400 -450 ppm g? 0 1
] 40

8 8

Figure S8. 3'P{*H} NMR spectrum recorded after 1 hour of heating 3 in refluxing toluene. Spectrum range: from —67.9

ppm to -532.1 ppm.
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ohonn N Current Data Parameters
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P | 3
Vv 1
F2 - Requisition Parameters
Date_ 20170103
Time 14,43
INSTRUM av_300
PROEHD 5 mm PABBO
PULPROG
TD &
SCLVENT [
* product 8 NS
. C e Ds 0
e unidentified product SHE 49019.609 Hz
FIDRES 0.747980 Hz
RO 0,6684672 sec
RG 1030
DW 10.200
DE 6.50
TE 294.1
D1 2.00000000
TDO 1
== CHANNEL fl =
121.4827070 Mk
31p
10.80 usec
14.00000000 W
F2 - Processing parameters
51 32768
SF 121.4827067 MHz
WDW EM
55B 0
LE 1.00 Hz
GBE 0
o 1,40
*
.
L]
T T T T T T T T
150 100 50 0 -50 -100 -150 ppm
~
8 5
] o
-

Figure S9. 3'P{*H} NMR spectrum recorded after 20 hours of heating 3 in refluxing toluene. Spectrum range: from 200

ppm to —200 ppm.
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- o Current Data Parameters

5 & NAME TE278

| | EXENO 1
PROCHO 1
F2Z - Rcguisition Parameters
Date_ 20170103
Time 14.39
INSTRUM av_300
PROBHD 5 mm PABBO BB-
PULPRCG

* product 7 ™
unidentified product SopvERT
. Dg

SWH
FIDRES 0.747980 Hz
:Xe) 0.66R4672 sec
RG 1030
Dw 10.200 ussc
DE 6.50 usec
TE 294.1 K
Dl 2.00000000 sec
TDO 1
======== (CHANNEL f =mmmm
SFOL 121.4584105 Mb
NUCcl 31p
Pl 10.80 usec
PLW1 14.00000000 W
F2 - Processing parameters
s1 32768
SE 121.4827067 MHz
WDW
SSB o
LB 1.00 Hz
GB 0
EBC 1.40

|

T T T T T T T T
-50 -100 -150 -200 -250 -300 -350 ppm

3.67
96.33 =

Figure S10. *'P{*H} NMR spectrum recorded after 20 hours of heating 3 in refluxing toluene. Spectrum range: from 0
ppm to —400 ppm.

Demetallation of Rhodium complex 11. In situ characterization of phosphacyclopentadienone
12:

-
pai
o
8
P;.*'}(‘NCJ
L] F2 - Acquisitien
Date_ 2017
e Phosphacyclopentadienone 12 Time 11.38
PPh3 INSTRUM av_300
. T PE 5 mm PAEEC BBE-
e [Rh(triphos)nCl] B zgpg30
TD §5536
SOLVENT CDCl3
X N5 64
= SB3 9 8 999848 s
§dan o ¢ T me SWH
=il ta - g w0 N 00 FIDRES
N7 w2
NETE
DW
° DE
TE
D1
. D11
TDO 1
=== CHANNEL fl =
1 121,5009291 M
NUC1l 3lp
.WMMJ‘ \[1 ' |
r T T T T T T T T T T T nucz
CPDERG[2 waltzlé
114 112 110 ppm 55 50 45 40 35 30 ppm Copos EET
PLW2
g 58 5 3
- ole S s PLW13
® e F2 - Processing paranetere
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L3 121.4827067 MHz
..“ EM
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T T T T T T T T .40
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: I
< < @<|@| |« <
- - ololo| o -

Figure S11. 3P{*H} NMR spectrum recorded directly after mixing 11 and triphos at RT.
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Figure S12. *H NMR spectrum recorded directly after mixing 11 and triphos at RT.
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Figure S13. 3C{*H} NMR spectrum recorded directly after mixing 11 and triphos at RT.
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2. Computational details

Density functional calculations were performed with the Gaussian09 suite of software, revision D.01,” using
the ®B97X-D functional® and the 6-31G(d,p) basis set.® All geometries have been computed and optimized
in the gas phase. The stationary points were characterized by full vibration frequencies calculations as
minima (no imaginary frequency) or transition states (one single imaginary frequency). When necessary,
final proof for the position of the transition state was obtained by an IRC calculation. All coordinates are

reported in angstroms, energies in kcal-mol ™.

Calculated minimum energy reaction pathway for the dimerization of phosphaketene 2

\
AE

: tBu}/
tBu i
tBu o tB
2 =
j><P¢C T32_3 j>v J<(
Bu o T 10.6  T-o. tB

0.0

-24.4

Scheme S1. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-mol?) for the dimerization pathway of
tris-tert-butylcyclopropenylphosphaketene 2.

Relative energies of different conformers of diphosphenes 4 and 4-Me

Bu tBu
tBu tBu
tBu
R - R
B N Ve = %
tBu
tBu tBu
tBu BU
4 anti-4
AE anii-syn 0.0 8.0
Bu tBu
Me tBu
Me
R - P
B R Ve %
Me
Me tBu
tBu B4
4-Me anti-4-Me
AE anti-syn 0.0 -1.1
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Relative energies for the “walk” rearrangement of 5

A
AE

Scheme S2. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-mol™) for the “walk” rearrangement of 5.

Calculated minimum energy reaction pathway for the rearrangement of diphosphene 4 to give 5
via tricyclopentane intermediate 9

‘\ >
X &
, 7314

4] 7 )
e & , AN
4_ .- ”() 3£ ;
0.0 N,

AE

Scheme S3. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-molt) for the rearrangement of
diphosphene 4 to give 5.
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Alternative reaction pathway for the rearrangement of diphosphene 4 via cyclopentadiene 10
X
&J

9
4
0.0

A
AE

Scheme S4. Relative ZPE corrected ®B97X-D/6-31G(d,p) energies for the alternative pathway leading from 4 to 5.

Calculated  minimum  energy reaction pathway for the rearrangement of

cyclopropenylphosphaketene 2 to give 7

|

Scheme S5. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-mol) for the rearrangement pathway of
phosphaketene 2 to give 7

Scheme S6. The HOMO (left) and HOMO-3 (right) of the calculated geometry of 7.
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AE

12
2.3

25.5

16
251

Scheme S7. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-mol?) of different valence isomers of 7.

Calculated reaction pathways for the dimerization of phosphacyclopentadienone 12

/
AE

-50.8

Scheme S8. Relative ®B97X-D/6-31G(d,p) energies (ZPE corrected, in kcal-mol?) for the dimerization pathways of
phosphacyclopentadienone 12.

Optimized structures

Phosph

aketene 2:

Structure

Cartesian Coordinates

Element X Y Z

P 1.10575104 -1.05032206 -1.71776795
C 0.35115701 -0.56752002 -0.00802800
C 0.83891302 -1.41162598 1.20438397
C 2.26720810 -1.00018299  1.59096801
H 2.98765492 -1.24659002 0.80571997
H 2.32990909 0.07626600 1.78434300
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H 2.58496308 -1.52435994  2.49867296
C 0.81308103 -2.91409492  0.88582700
H -0.18984300 -3.23769212  0.59000701
H 1.50147498 -3.16666508 0.07493100
H 1.10760999 -3.49127102  1.76904905
C -0.08548200 -1.16189301  2.40645003
H 0.25034800 -1.75692105  3.26155901
H -0.09175500 -0.11126500 2.70807910
H -1.11828303 -1.44881999  2.18205810
C -1.07247806  -0.09551800 -0.12662800
C -0.19858900  0.82292002  0.15548100
C 0.13204500 2.26254106  0.39091200
C -2.46891403 -0.49362999 -0.49069601
C -2.58839107 -2.02199411 -0.55405003
H -1.87736702 -2.44308901 -1.27188098
H -2.39432502  -2.47493911  0.42314100
H -3.59801698 -2.30927801 -0.86489898
C -3.44177008  0.06511900 0.56051099
H -3.36675191  1.15456200  0.62498498
H -4.47341490 -0.19074599  0.29621500
H -3.22982502  -0.34865499  1.55106997
C -2.79227209  0.10907300 -1.87148297
H -2.73121190  1.20067096  -1.84050906
H -2.08973408 -0.25036401 -2.62932205
H -3.80580306 -0.17190801 -2.17780495
C -0.97184098  3.13098097 -0.23164199
H -0.76000297  4.19270277 -0.06773600
H -1.04137695  2.95741796 -1.30962503
H -1.94589996  2.90852690  0.21515800
C 0.20679000  2.53404498  1.90421700
H -0.73977900  2.28588390  2.39427090
H 1.00213599  1.94793200 2.37424588
H 0.41835999  3.59381008 2.08205700
C 1.48414302 2.59449911 -0.25678000
H 2.28894806  1.99653900 0.17953700
H 1.46451604  2.40606809 -1.33414304
H 1.72229397  3.65150499 -0.09959900
C 2.57516599 -0.26800901 -1.57142103
@) 3.61453891  0.25590500 -1.54764795
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 23.6032 41.7640 56.8638
Red. Masses  -- 2.7656 3.3017 6.0633
Frc consts -- 0.0009 0.0034 0.0116
IR Inten -- 0.0494 0.0360 0.0836
Thermochemistry
Sum of electronic and zero-point Energies =-1041.872316
Sum of electronic and thermal Energies =-1041.850012
Sum of electronic and thermal Enthalpies =-1041.849068
Sum of electronic and thermal Free Energies  =-1041.921770

E =-1042.27111012
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TSo3:

Structu

Cartesian Coordinates

re

&)

Element X Y Z

P -1.50720000 -0.11203700 1.04467201

C -0.98488897 -1.73515797  0.72507000
C 0.43592200 0.79535502  0.74507999

0] -0.93689197 -2.87477303  0.56098902
O 0.41745701 1.98132300 0.57976002

C -2.81604791  0.00761000 -0.34659800
C -2.33571100  0.26220900 -1.80286503
C -1.73646402 1.67190504 -1.92499804
H -0.93224901 1.85007203 -1.20917296
H -1.32885897  1.82485795 -2.93021703
H -2.50333500 2.43551493 -1.75864303
C -1.29614699 -0.78050297 -2.23908091
H -0.36039299 -0.69297898 -1.67735505
H -1.68363798 -1.79837298 -2.11992788
H -1.04942405 -0.64098603 -3.29665303
C -3.53799105 0.17572100 -2.75766397
H -3.20574188  0.37821200 -3.78054500
H -3.99788904 -0.81651402 -2.74452591
H -4,.31138182  0.90607601 -2.50500989
C -4,12417984 -0.67601401 -0.01826000
C -4.09671593  0.60548401 0.18200700

C -4.81815720 -1.99625397  0.10845200
C -4.68716097 1.88358200 0.68721902

C -5.30977821  2.66605210 -0.48300099
H -4, 55587292  2.94705606 -1.22326195
H -6.07990980 2.07202411 -0.98478198
H -5.77335501  3.58445191 -0.10813000
C -3.57530999 2.71818900 1.34346795

H -3.97796297 3.67832899  1.68119895

H -3.15875411  2.20505595 2.21621299

H -2.75787091  2.91800594  0.64358503

C -5.77691221 155891204  1.72055495

H -5.36988497  0.96354002  2.54339600

H -6.18993902  2.48315310 2.13756895

H -6.59863186  1.00018001  1.26289499

C -6.31618404 -1.79493701 -0.16675401
H -6.84447289 -2.75113010 -0.09473500
H -6.75892687 -1.10762703  0.55944097
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H -6.47716618 -1.38606095 -1.16892302
C -4.61635685 -2.50219488  1.55093801
H -5.14258194  -3.45244408  1.68945205
H -3.55747008 -2.67008400 1.76764500
H -5.00336313 -1.78054202  2.27596688
C -4.24025822  -3.02415609 -0.87417197
H -4.40214586  -2.72458601 -1.91322899
H -3.16712308 -3.16221094 -0.71946400
H -4.72818089 -3.99279094 -0.72613800
P 1.47406304 -0.58129102 0.92978901
C 3.21544194  0.11403900 0.77763098
C 3.85014796  0.69831699  2.07153296
C 3.94761395 -0.40401700 3.13816190
H 2.95902300 -0.80334300 3.38654304
H 456907988 -1.23612905 2.78979707
H 439426708 -0.01270400 4.05915689
C 3.00257897  1.85422802  2.62382388
H 2.88329911 2.64669609  1.88013399
H 2.00446892 151455295  2.91423512
H 3.47995090 2.28482199  3.51144099
C 526174784  1.23063302  1.78562105
H 5.69275713  1.65105295  2.70035505
H 593152905 0.44366801  1.42857301
H 5.24621487  2.01991796  1.02749801
C 3.64859509  0.56608999 -0.60446203
C 407574177 -0.60464102 -0.24810401
C 473112297 -1.91613901 -0.54570699
C 3.45673800 1.61631298 -1.65378702
C 3.25213695  2.99385405 -1.00839102
H 2.38013291  2.98135900 -0.35017899
H 412866020  3.29398608 -0.42538500
H 3.09043288  3.74973202 -1.78470302
C 468656921  1.64162803 -2.57309890
H 481207323  0.68470299 -3.08723688
H 457507515  2.42265010 -3.33313894
H 559766388 1.84618604 -2.00188899
C 2.20249701  1.25177896 -2.47327900
H 2.31199598 0.26763001 -2.93926406
H 1.31467199  1.23627496 -1.83685994
H 2.04447508  1.99592602 -3.26221395
C 492827177 -2.05557609 -2.06223607
H 5.35064077 -3.03709602 -2.30284810
H 3.97500110 -1.95096600 -2.58950806
H 561566114 -1.29150498 -2.43693590
C 6.09866095 -2.00254512  0.15427700
H 6.76499224 -1.20431101 -0.18710500
H 599494410 -1.92025995  1.23985398
H 6.57311106 -2.96446395 -0.06851700
C 3.82269502 -3.04486704 -0.03019200
H 3.65645289 -2.94957209  1.04751801
H 2.84711695 -3.02208805 -0.52497000
H 4.28606081 -4.01878119 -0.22104099
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- -253.3627 18.0903 18.8618
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Red. masses  --
Frc consts --

IR Inten

Thermochemistry

Sum of electronic and zero-point Energies =
Sum of electronic and thermal Energies =-2083.682501
Sum of electronic and thermal Enthalpies =
Sum of electronic and thermal Free Energies

E =-2084.52673536

12.0996
0.4576
9.2365

1,3-diphosphetane-2,4-dione 3

Structure

Cartesian Coordinates

4.2347
0.0008
0.5602

—2083.727691

=-2083.681557
=-2083.802769

Element X Y Z

P 1.31131601  0.22723100 -0.50028598
C 0.16874000 -1.17877400 -0.05465400
C -0.18219499  1.24239397  0.00038400
0] 0.33379099 -2.37477398 -0.07404700
0] -0.35934699  2.43657398  0.01486100
C 2.87309694 0.27815199  0.52841002
C 2.81769800 0.80567700  1.98714805
C 2.53499794  2.31659889 1.97679698
H 1.60842299 2.56107998 1.45108104
H 2.44776893  2.69876409  2.99980998
H 3.35083795 2.85883904  1.48695099
C 1.73608398 0.07885300 2.79986811
H 0.72609800 0.33692801 2.47164607
H 1.85011494 -1.00700402  2.72559404
H 1.80891395 0.35570201  3.85690689
C 417123413 0.56985497 2.67536211
H 4.13860416  0.97382599  3.69217801
H 4.40799809 -0.49652800 2.74337101
H 499215508 1.06033599 2.14604211
C 3.86892605 -0.78024298 0.08177100
C 412208223 0.42613301 -0.31704000
C 4,15310001 -2.24980402 0.06690500
C 489574909 1.41265404 -1.13256001
C 5.91510487  2.14824009 -0.24515200
H 5.41813803 2.72156191 0.54272401
H 6.60520983  1.44160402 0.22633199
H 6.50063610 2.84656906 -0.85245198
C 3.91412807 2.42482591 -1.74400306
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4.46015978
3.19157004
3.35613394
5.63655090
4.93333292
6.18627882
6.35613012
5.67363405
5.90831280
6.17296219
6.08701277
3.59825611
3.80977511
2.51329398
4.05905008
3.46703291
3.82985997
2.38386893
3.67514610
-1.31920302
-2.88160491
-2.81589198
-2.40900898
-1.44209898
-3.14882588
-2.33788204
-1.81416905
-2.01984501
-0.78130603
-1.87675595
-4.19936323
-4.14945221
-4.95751381
-4.53915787
-3.93093395
-4.11490583
-4.80402422
-4.25004196
-3.73519993
-2.65030789
-4.20272493
-3.96483111
-5.76996994
-6.14072514
-6.02465010
-6.29021215
-3.54023504
-3.86075711
-2.45410705
-3.77822399
-5.68182516
-6.15878105
-5.08349991
-6.47067785
-5.68624306
-6.44360781
-5.09183979

3.16495204
1.92723501
2.95400190
0.66034698
0.10714300
1.36441600
-0.05077800
-2.45679998
-3.52638507
-1.99777699
-2.01679993
-2.82669902
-3.90005708
-2.69569397
-2.33904099
-2.94636512
-2.56000090
-2.81034493
-4.02076578
-0.16370000
-0.20175000
-0.53123701
-2.00110006
-2.22633791
-2.67420101
-2.23997211
0.37648201
1.43321002
0.17079200
0.21138200
-0.32394999
-0.55975598
-0.96865702
0.71121597
0.73251498
-0.52754200
-1.65914297
2.17488503
3.04050589
2.94416404
2.76308107
4.09335899
2.33192801
1.76307297
3.38515496
1.98148704
2.60905695
1.99509799
2.52997494
3.65577793
-1.09491897
-1.91029298
-0.50534898
-0.45328099
-2.43839693
-1.78656399
-2.87754703

-2.33779407
-2.39782190
-0.96517497
-2.24864292
-2.87837195
-2.88197994
-1.83181298
0.13728300
0.13354699
-0.72101998
1.05029798
-1.24995196
-1.30420697
-1.30220997
-2.11437607
1.24983394
2.20747995
1.19806302
1.21879196
0.44813100
-0.56967998
-2.08537006
-2.27883101
-1.82314396
-1.83350801
-3.34552097
-2.81413794
-2.62072206
-2.52083611
-3.89495802
-2.72127104
-3.78895593
-2.26951504
-2.61909199
0.01851500
0.25230101
0.94537503
0.25645000
-0.90193802
-0.99721402
-1.85171902
-0.70850402
0.40695700
1.26441705
0.56357700
-0.49004000
1.55431998
2.40132499
1.44797206
1.77235603
2.07242799
2.62615204
2.77367997
1.66851103
-0.04539300
-0.49171600
-0.85133898
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H -6.19938803 -3.25297093  0.47671100
C -3.73094511  -2.59358692  1.52770603
H -3.06927609 -2.97491193  0.74315298
H -3.11281300 -2.07171893  2.26463008
H -4.20491886 -3.44813204  2.02137589
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 11.3191 14.1664 23.8561
Red. Masses  -- 3.7458 3.8320 4.2633
Frc consts - 0.0003 0.0005 0.0014
IR Inten -- 0.0443 0.0294 0.5991
Thermochemistry
Sum of electronic and zero-point Energies =-2083.783523
Sum of electronic and thermal Energies =-2083.738514
Sum of electronic and thermal Enthalpies =-2083.737570
Sum of electronic and thermal Free Energies  =-2083.859176

E =-2084.58441046

Diphosphene 4:

Structure

Cartesian Coordinates

Element X Y Z

P 0.30824700 -0.00019400 0.96219498
C 2.18428397 -0.00026900 0.80292600
C 2.83092690 0.64888901 -0.40392801
C 2.83109498 -0.64898598 -0.40403801
C 2.86993790 -0.00038700 2.20022702
C 4.39870024 -0.00077600 2.07209492
H 476293612 -0.88292402  1.54123402
H 4.76339388 0.88066399  1.54040599
H 4.85122395 -0.00043100 3.06927705
C 2.45768905 -1.25839400 2.98303294
H 1.37551904 -1.30323696  3.14291000
H 2.75564098 -2.16377401 2.44188499
H 2.94095707 -1.27877402  3.96606493
C 2.45818996 1.25779700  2.98303890
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1.37594295
2.94077206
2.75734305
3.08182311
4.40072012
4.62730789
4.32822704
5.23390102
3.18474197
3.33191395
4.03036118
2.27173805
1.93776202
2.18235803
0.99911898
1.77792394
3.08231711
4.40071487
4.62755013
5.23412800
4.32734585
1.93784595
2.18243098
1.77741897
0.99952102
3.18637705
3.33375502
2.27377892
4.03229380
-0.30807999
-2.18420911
-2.83120108
-2.83092093
-2.86965609
-4.39844704
-4.76280212
-4.76320124
-4.85078907
-2.45747399
-1.37521899
-2.75619197
-2.94014096
-2.45758605
-1.37536800
-2.94046307
-2.75614405
-3.08275509
-4.40080690
-4.62777996
-4.32689619
-5.23440313
-3.18778491
-3.33575201
-4.03371811
-2.27533007
-1.93813097
-2.18286490

1.30354202
1.27752495
2.16303301
1.97587800
2.56614208
3.50110412
2.78905892
1.87357104
1.78627801
2.75402999
1.14255905
1.33052194
2.95035410
3.94712090
2.62703991
3.02553296
-1.97567904
-2.56650400
-3.50114489
-1.87397301
-2.79008508
-2.95004296
-3.94671988
-3.02555895
-2.62633705
-1.78533006
-2.75282192
-1.32921398
-1.14159703
-0.00007000
0.00019000
-0.64913100
0.64873999
0.00112900
0.00125100
0.88254303
-0.88105100
0.00246600
1.25969303
1.30507505
2.16469502
1.28031099
-1.25647497
-1.30161905
-1.27588904
-2.16212893
-1.97624004
-2.56676698
-3.50186396
-2.78950500
-1.87448895
-1.78680801
-2.75458097
-1.14304602
-1.33117700
-2.95047593
-3.94723511

3.14216805
3.96642303
2.44233203
-1.05489600
-0.52143598
-1.04508901
0.54740202
-0.67480999
-2.57524705
-3.06676197
-2.83492899
-2.96907806
-0.73035502
-1.11263704
-1.18658698
0.35008499
-1.05546296
-0.52134001
-1.04543698
-0.67363101
0.54729301
-0.73205501
-1.11459899
0.34828800
-1.18865895
-2.57561493
-3.06756806
-2.96996188
-2.83429503
-0.96194702
-0.80282700
0.40374500
0.40428099
-2.20019293
-2.07232499
-1.54013300
-1.54212701
-3.06958508
-2.98213100
-3.14133596
-2.44077706
-3.96545506
-2.98378611
-3.14326811
-3.96702695
-2.44346189
1.05422199
0.51898098
1.04222405
-0.54979199
0.67141998
2.57444596
3.06567502
2.83298302
2.96965194
0.73097402
1.11319005

S23



H -0.99995297 -2.62690496  1.18796301
H -1.77734303  -3.02578497 -0.34931701
C -3.08168006  1.97537398  1.05603600
C -4.40076399  2.56579590  0.52320999
H -4.62743616  3.50037408  1.04751301
H -5.23380995  1.87297797  0.67625397
H -4.32850313  2.78947091 -0.54548901
C -1.93778002  2.95011210 0.73176801
H -2.18237996  3.94665694  1.11462200
H -1.77815604  3.02580309 -0.34866899
H -0.99901098  2.62664390  1.18763101
C -3.18419695 1.78486896  2.57630706
H -3.33125710  2.75230789  3.06846499
H -2.27107906  1.32890701  2.96963191
H -4.02970314  1.14094102  2.83582592
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 11.1294 16.0140 29.4449
Red. masses  -- 3.8816 3.6580 2.8724
Frc consts -- 0.0003 0.0006 0.0015
IR Inten -- 0.2111 0.0086 0.0010
Thermochemistry
Sum of electronic and zero-point Energies =-1857.226620
Sum of electronic and thermal Energies =-1857.185533
Sum of electronic and thermal Enthalpies =-1857.184589
Sum of electronic and thermal Free Energies  =-1857.297235

E =-1858.00940700

Anti-4

Structu

re

Cartesian Coordinates

Element X Y Z

P -0.86436301 -0.23674500 -0.52675802
C -2.35751700 -0.17415901 0.61057001
C -3.60076499 -0.54443502 -0.20353401
C -3.41233301  0.72517198 -0.03232500
C -2.32118201 -0.37843901 2.14911199
C -3.74466801 -0.36340800 2.73067498
H -4.26060200 0.57863301  2.52853107
H -4.35905886 -1.17338002  2.33220792
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-3.69088006
-1.54240799
-0.50003701
-2.00548506
-1.54972005
-1.69118404
-0.63875902
-1.75151706
-2.22226596
-4.29148006
-4.98322916
-5.46529102
-4.26312685
-5.75155783
-5.33936882
-5.84293795
-6.09900522
-4.87436724
-3.24005699
-3.72018504
-2.74366212
-2.47083306
-3.71652699
-4.46508503
-4.69592714
-5.40529490
-3.86033511
-2.39402103
-2.59398508
-1.74375701
-1.85051095
-4.58881187
-4.79686308
-4.08243895
-5.54474783
0.86438799
2.35745406
3.41268611
3.60063601
2.32085204
3.74422097
4.35869694
4.26021194
3.69020104
1.69072104
0.63838601
2.22195792
1.75071096
1.54194903
0.49961999
1.54910696
2.00503302
3.71737289
4.46555090
4.69663715
3.86042190
5.40560484

-0.48944199
0.75939000
0.80171698
1.72830796
0.62189502

-1.73718905

-1.79202998

-1.91833997

-2.55030394

-1.70181501

-2.58573890

-3.43691492

-2.97851205

-2.02794290

-1.17784595

-2.01510501

-0.58036101

-0.55441999

-2.54338002

-3.41051793

-1.95983100

-2.90570903
2.16546297
2.78246188
3.83269191
2.25562906
2.74527597
2.91937494
3.98104095
2.83321905
2.52118897
2.27522302
3.32701111
1.83416295
1.76169395

-0.23612700

-0.17380400
0.72494900

-0.54478002

-0.37754899

-0.36236301

-1.17245400
0.57960999

-0.48807499

-1.73615396

-1.79109502

-2.54946303

-1.91689706

0.76054198
0.80270201
0.62350798
1.72937596

2.16504192

2.78241897
3.83252597
2.74570799
2.25552607

3.81701112
2.83195090
2.51073408
2.61507297
3.91913509
2.49724507
2.21046495
3.57610512
1.98948503
-0.85693401
0.19477201
-0.29779801
0.91859901
0.73864299
-1.84840703
-2.34303999
-1.33469605
-2.61699796
-1.60071504
-2.06670094
-2.38082910
-0.91139001
-0.30899501
0.88578200
0.67723298
1.07573903
1.79639196
-0.52477598
-0.70395100
0.35124099
-1.38692605
-1.56794500
-1.79142296
-2.43152809
-1.43158197
0.52686602
-0.61055100
0.03251100
0.20333000
-2.14914608
-2.73100209
-2.33290911
-2.52869701
-3.81736398
-2.49760103
-2.21050811
-1.99031794
-3.57654905
-2.83139706
-2.51000810
-3.91863894
-2.61416292
0.30967399
-0.88514298
-0.67624700
-1.79552305
-1.07570302
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C 459022999  2.27400589  1.56829500
H 4.79869890  3.32563591  1.79212403
H 554594898  1.76023197  1.43131804
H 4.08408594  1.83274305 2.43190694
C 2.39514995 291919398  0.52637500
H 2.59546900 3.98071599  0.70600700
H 1.85188103  2.52070689  1.38853598
H 1.74451005 2.83367205 -0.34942800
C 4.29098988 -1.70265400 0.85624701
C 498303699 -2.58595395 -0.19579200
H 546497393 -3.43741393  0.29641199
H 5.75150108 -2.02782798 -0.73913199
H 426313114 -2.97831607 -0.92003500
C 3.23923612 -2.54459310  1.59912395
H 3.71913409 -3.41202211  2.06480503
H 2.47026610 -2.90648699  0.90928900
H 2.74256706 -1.96147394  2.37938905
C 5.33859110 -1.17940795  1.84840596
H 5.84184217 -2.01702404  2.34275889
H 487339401 -0.55633700 2.61716795
H 6.09852314 -0.58176202  1.33532405
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 12.1014 13.8943 22.9803
Red. masses  -- 3.8594 4.8044 3.9294
Frc consts -- 0.0003 0.0005 0.0012
IR Inten - 0.1253 0.0817 0.0426
Thermochemistry
Sum of electronic and zero-point Energies -1857.213832

Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.99618287

4-Me:

Structure

—1857.172435
—1857.171490
—1857.286198
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Element X Y Z

P -0.13235800 0.23084500 1.00304496

C -1.99208295 0.17726400 1.19453204
C -2.86114001 -0.64305699  0.26260400
C -2.94833994  0.64056200 0.11815200
C -3.24699092 -2.05230308 -0.03258400
C -3.91169596 -2.64003301  1.22592998
H -4,19707298 -3.68257093  1.04919505
H -3.22451997 -2.61288095 2.07705688
H -4,.81137896 -2.07735991  1.49415195
C -4.22734880 -2.08115602 -1.21210897
H -4.50492811 -3.11361790 -1.44979203
H -5.14194489 -1.52888596 -0.97359198
H -3.77716994 -1.63108099 -2.10177994
C -1.99000096 -2.87146091 -0.37146899
H -2.26096106 -3.91885209 -0.54317898
H -1.50144303 -2.48429203 -1.27025700
H -1.26437497 -2.83320999  0.44690600
C -3.54713798  1.87690604 -0.46549600
C -4.62619400 2.38113499 0.51288998

H -5.09017706  3.29388094 0.12377500
H -5.40793610 1.62801397  0.65264797
H -4,19108582  2.60794997  1.49109495
C -2.46479201  2.95548797 -0.62731397
H -2.91719699  3.88908291 -0.97855502
H -1.96354306  3.15063095 0.32600600
H -1.70525301 2.64356995 -1.34897804
C -4,17859507 1.55513895 -1.82625401
H -4.62312698  2.45678592 -2.26109505
H -3.42379999  1.17314303 -2.52024698
H -4.96535921  0.80124301 -1.72732997
P 0.13238300 0.23087500 -1.00308800

C 1.99211800 0.17723000 -1.19456398

C 2.94840407 0.64058900 -0.11824300

C 2.86111212 -0.64304501 -0.26252401
C 3.54714990 1.87692297 0.46547899

C 4.62611723 2.38131809 -0.51292199

H 5.09008694  3.29404211 -0.12373900
H 4,19092894 2.60822201 -1.49107003
H 5.40788412  1.62825000 -0.65282100
C 4.17869806  1.55507195 1.82617402

H 462316322 2.45671606  2.26109099

H 496552801 0.80126101 1.72713804

H 3.42396688 1.17293406 2.52015901

C 2.46473789  2.95541596  0.62745202

H 2.91709208 3.88898396  0.97882998

H 1.70521498 2.64334202  1.34906495

H 1.96348202 3.15067005 -0.32584199

C 3.24696302 -2.05229998 0.03263100

C 3.91169596 -2.63997602 -1.22588897
H 4.19710207 -3.68250895 -1.04917204
H 481136703 -2.07727194 -1.49409103
H 3.22453094 -2.61282611 -2.07702494
C 1.98996699 -2.87148499  0.37145299

H 2.26093888 -3.91886997  0.54316300

H 1.26438200 -2.83323908 -0.44696099
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H 150135601 -2.48432803 1.27021694
C 422728920 -2.08121395 1.21218097
H 450479794 -3.11369491  1.44986701
H 3.77711606 -1.63111305 2.10184193
H 5.14192677 -1.52900302  0.97368902
C 2.38221407 0.31931099 -2.66686392
H 3.46749496  0.22065000 -2.77807808
H 190746105 -0.44833201 -3.28878403
H 2.08758807  1.29527104 -3.06986594
C -2.38216591  0.31952900 2.66682100
H -1.90745294  -0.44808000  3.28881311
H -2.08748007  1.29551303  3.06972504
H -3.46745205  0.22093999  2.77805090
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 12.2007 31.5195 31.5633
Red. masses  -- 3.8517 3.5016 2.8444
Frc consts -- 0.0003 0.0020 0.0017
IR Inten - 0.1524 0.0736 0.0462
Thermochemistry
Sum of electronic and zero-point Energies =-1621.559451
Sum of electronic and thermal Energies =-1621.525237
Sum of electronic and thermal Enthalpies =-1621.524293
Sum of electronic and thermal Free Energies =-1621.624904

E =-1622.16987773

Anti-4-Me

Structure

Cartesian Coordinates

Element X Y Z

P 0.82954299 -0.00003300 0.58359700
C 2.23697090 -0.00003200 -0.62144101
C 3.51319790 -0.64578801 -0.09113100
C 3.51317906 0.64574897 -0.09118500
C 4,13550091 -1.98424602 0.11398400
C 429283714 -2.65877008 -1.26098597
H 474104595 -3.65133309 -1.14450204
H 3.32205701 -2.77578497 -1.75178301
H 493754292 -2.06431699 -1.91569495
C 5.50767279 -1.81917500  0.77997500
H 5.97511101 -2.79693604  0.93735898
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6.17506886
5.41243315
3.21160197
3.64599109
3.06835604
2.22742510
4.13552904
4.29280090
4.74084902
4.93762398
3.32201695
3.21174502
3.64618206
2.22748804
3.06864810
5.50771809
5.97520924
5.41252279
6.17507696
-0.82962602
-2.23704290
-3.51320004
-3.51326394
-4.13535976
-4.29233408
-4.74042797
-3.32145500
-4.93700790
-5.50767708
-5.97501898
-6.17504883
-5.41270781
-3.21153808
-3.64577198
-3.06870508
-2.22718906
-4.13559484
-4.29291105
-4.74095917
-4.93774319
-3.32213497
-3.21180701
-3.64624596
-2.22757792
-3.06866097
-5.50779295
-5.97530222
-5.41254902
-6.17512608
1.96767199
1.39154601
1.39134800
2.91551399
-1.96780801
-1.39155495
-1.39155495
-2.91564107

-1.21824598
-1.32374406
-2.83448601
-3.82871699
-2.36675906
-2.95460701
1.98418498
2.65877199
3.65140390
2.06446099
2.77564311
2.83446193
3.82869506
2.95457911
2.36683297
1.81904602
2.79677796
1.32356501
1.21811104
-0.00006800
-0.00005600
0.64575702
-0.64577103
1.98424995
2.65908003
3.65168405
2.77604008
2.06487298
1.81922400
2.79700899
1.21850598
1.32354796
2.83422995
3.82855296
2.36648202
2.95415306
-1.98418903
-2.65888405
-3.65150595
-2.06459093
-2.77578592
-2.83437395
-3.82858992
-2.95453596
-2.36662698
-1.81890702
-2.79659891
-1.32324898
-1.21808004
-0.00000500
-0.88081402
0.88070798
0.00013500
0.00000800
-0.88072801
0.88078201
0.00004700

0.15482500
1.75088894
1.00150597
1.15165102
1.98003805
0.53830999
0.11398500
-1.26096499
-1.14443600
-1.91568398
-1.75179601
1.00158894
1.15160596
0.53856701
1.98019302
0.77989000
0.93728399
1.75078201
0.15470199
-0.58329499
0.62167197
0.09122400
0.09121900
-0.11407800
1.26077604
1.14420104
1.75139594
1.91574502
-0.77976400
-0.93726403
-0.15438101
-1.75058198
-1.00193596
-1.15192795
-1.98051202
-0.53905600
-0.11408200
1.26081300
1.14422095
1.91554201
1.75164795
-1.00174797
-1.15185595
-0.53867501
-1.98028302
-0.77998102
-0.93757999
-1.75078404
-0.15466900
-2.11865592
-2.42488909
-2.42482400
-2.66781592
2.11887693
2.42510009
2.42500710
2.66804194
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Harmonic Frequencies

Frequencies  --
Red. masses -
Frc consts --
IR Inten --
Thermochemistry

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1622.17272690

Diphosphabicyclo[2.1.0]pent-2-ene 5:

Structure

1

A
245116
4.0457
0.0014
0.1355

Cartesian Coordinates

2 3

A A

32.5271 40.1847

3.9265 5.1057

0.0024 0.0049

0.0893 0.0000
=-1621.561249
=-1621.527483
=-1621.526539
=-1621.624818

Element X

S30

Y Z

P 0.09808200 -0.05959100 0.77661800

P 0.79848099  0.60567802 -1.22087300

C 1.33180404 -0.95519799 -0.33668801
Cc 2.62533593 -0.23248400 0.10688100
Cc 2.46824288  0.97160000 -0.51032299

C -1.76410103 -0.40567899  0.66550797
Cc -2.66290307 -0.05236700 -0.51570600
C -2.49587893  0.89000201  0.36201599

C 1.29534197 -2.27449298 -1.13762403
C -0.09920000 -2.45716310 -1.73942494
H -0.35584101 -1.62195206 -2.39732790
H -0.14422700 -3.37802505 -2.33068109
H -0.85281497 -2.51634312 -0.95393097
C 2.31011605 -2.18310809 -2.29254889
H 3.32758307 -2.01899600 -1.93001699
H 2.30146599 -3.11183095 -2.87363696
H 2.05675197 -1.35889196 -2.96670103
Cc 1.60184002 -3.54010797 -0.31890100
H 2.62860799 -3.56421995  0.04980200
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0.92314798
1.46799898
3.61671090
4.73664904
4.35286522
5.25456905
5.47214413
2.88439989
2.32406592
3.61627889
2.18363094
4.26665497
4.89002609
4.91045809
3.50111008
3.21144199
2.53727102
3.07031393
2.53920507
1.49777997
3.13012004
3.52942610
2.08879900
3.69389200
4.67050791
5.18059492
5.24072313
470139313
-2.27959204
-3.80449390
-4.12245083
-4.14800119
-4.31543779
-1.93340003
-0.85677302
-2.42067194
-2.28245902
-1.63665295
-0.54515803
-1.97811902
-1.89285600
-3.40728807
-4.84583998
-5.42323923
-5.34890509
-4.85455704
-2.73681211
-3.27985096
-2.73212004
-1.69922197
-3.48016906
-4.13511419
-2.50411701
-3.89359093
-2.75513411
-4.10422707
-4.91624212

-3.64432597
-4.42142820
-0.76551503
-1.56620395
-2.45107698
-0.94782698
-1.90389895
-1.65249598
-2.46521807
-2.09162998
-1.05328095
0.34824401
-0.10485100
1.00406897
0.95399100
2.29074407
3.06902909
4.00808811
2.49329209
3.31793594
3.18466210
417974710
3.30148005
2.78245711
2.04495311
3.00060606
1.48637700
1.47730303
-1.33308899
-1.48994195
-1.94215798
-2.13846588
-0.52781802
-0.74063897
-0.59804899
0.22972199
-1.40675795
-2.72100806
-2.65514493
-3.37625909
-3.19996810
-0.41949800
0.11226900
-0.09466800
-0.36615101
1.19245005
0.27712700
0.04449600
1.36229897
-0.04470800
-1.93097401
-2.12264109
-2.35633707
-2.46609211
2.29772401
2.35669088
1.98503399

0.53192002
-0.95545202
1.14917600
0.45683801
-0.05585300
-0.28316799
1.19532001
2.17652011
1.72202599
2.86311007
2.76495504
1.98588097
2.76428604
1.40101695
247772193
-0.68726897
-1.83596599
-2.01697302
-2.76731896
-1.59487295
0.56512702
0.33859500
0.88259399
1.40493095
-1.11229396
-1.27653694
-0.36935300
-2.04780602
1.81174099
1.74279296
0.79939097
2.55553508
1.83964396
3.19006991
3.32030797
3.32993793
3.98696804
1.69520497
1.76261199
2.50395203
0.74467200
-1.77420700
-1.61939204
-2.52682590
-0.77332199
-1.45166600
-2.97284198
-3.89566898
-2.83745289
-3.09196901
-2.02939606
-2.88585591
-2.25737190
-1.17000401
0.81124198
1.55162203
0.91941297
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H -4,07999086  1.75558496  2.46599889
H -4,33172798  3.39042497  1.83391404
C -1.63855898  2.79274201  1.74358296
H -1.86368704  3.80812001 2.08707404
H -1.53390706  2.14876103  2.62050295
H -0.67397702  2.81071591  1.22829795
C -2.80416489  3.20404291 -0.43087101
H -3.61484408 2.91545796 -1.10589302
H -2.96692395  4.24573517 -0.13412200
H -1.86256599  3.14436412 -0.98542202
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 27.5805 28.6473 43.2677
Red. masses  -- 3.3583 3.1716 3.0097
Frc consts -- 0.0015 0.0015 0.0033
IR Inten - 0.0428 0.1047 0.0012
Thermochemistry
Sum of electronic and zero-point Energies =-1857.238026

Sum of electronic and thermal Energies

=-1857.197641

Sum of electronic and thermal Enthalpies =-1857.196697
Sum of electronic and thermal Free Energies  =-1857.304643
E =-1858.02212999

T85,5’Z

Structure

Cartesian Coordinates

Element X Y Z

P 0.15495300 -0.23613200 0.65494198

P 0.87102902 -0.21713100 -1.38560200

C 2.30225611 -0.93452799 -0.50458997

C 2.85067296  0.32863799 -0.14618200

C 1.79204905 1.16441703 -0.61557603

C -1.70834506 -0.59189600 0.66377503

C -2.55619311 -0.35719100 -0.57561398

C -2.65116501  0.56500298  0.33229500

C 2.62480807 -2.42146897 -0.43966600

S32



OITTOOIIIOIIIOIIITOOIIIOIIIOIIIOOIIIOIIIOIIIOOIIIOIIIOIIIO

1.44566798
1.29906702
1.64263999
0.51418000
3.84859300
4.77280283
3.97955704
3.69487190
2.83617210
3.63555098
1.92052603
3.08333492
4.04825211
5.20974398
4.95047188
5.57295990
6.04036808
3.56441689
3.15259194
4.39275789
2.77302909
4.66723108
5.53880787
5.00635386
3.98423195
1.41802394
0.01507600
-0.31301099
0.01203100
-0.72052199
1.36988902
1.01746404
0.68785399
2.34069109
2.38012505
2.01537490
3.39406204
2.42094803
-2.12703896
-3.60641408
-3.79784894
-3.88120794
-4.27134323
-1.88542795
-0.83458602
-2.49024892
-2.15074611
-1.30690396
-0.23950200
-1.62884200
-1.43506396
-2.99395299
-4.52906704
-4.87338877
-4.87918377
-4.99766684
-2.56645393

-3.21181893
-2.97073293
-4.28586483
-3.00899196
-2.72828507
-2.30867696
-3.81271005
-2.32809711
-2.94788003
-2.43426609
-2.81753898
-4.01498699
0.67179799
-0.32371601
-1.33579397
-0.35005000
-0.00277300
0.67689699
-0.29737499
0.91353500
1.41724002
2.03756309
2.20755792
2.06654406
2.86731696
2.63420701
2.72708797
3.77094197
2.34033704
2.15805101
3.37124109
4.39874601
2.85481906
3.42462802
3.33915806
4.35207415
3.42057610
2.79745603
-1.64232397
-2.02490091
-2.50675201
-2.73598504
-1.16280794
-1.05941403
-0.78639603
-0.16125900
-1.78709495
-2.93326592
-2.75445700
-3.68008399
-3.36657000
-0.89695901
-1.01729596
-1.39429498
-1.70331895
-0.04350600
0.08401300

-1.04097795
-2.09885001
-0.96837598
-0.50608402
-1.33232296
-0.93957299
-1.41481400
-2.33937407
0.99078798
1.52478397
1.57269299
0.96381998
0.75089800
0.60167003
0.90310299
-0.43036601
1.23891902
2.21381497
2.49124503
2.89178395
2.35974908
0.41188800
1.05239499
-0.62840402
0.57580799
-0.74022001
-1.37181401
-1.40765703
-2.39593792
-0.79648501
0.60931402
0.46489799
1.28904295
1.10233998
-1.72286105
-1.92593002
-1.33494103
-2.67293501
1.73917603
1.60283303
0.63859898
2.38915396
1.68196404
3.14161491
3.28510904
3.30207205
3.91695404
1.58877802
1.74635005
2.32312012
0.59109998
-1.90565503
-1.91257703
-2.88193488
-1.13642299
-1.73988700
-3.01349306
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H -2.91785598 -0.27582300 -3.98702908
H -2.99372411  1.07618201 -2.83984399
H -1.47829998  0.17892100 -3.05393791
C -2.36031103  -2.27134109 -2.15400910
H -2.65806890 -2.65692711 -3.13470507
H -1.26872694  -2.20684004 -2.12821102
H -2.67769694  -2.99399996 -1.39578402
C -3.28364611  1.83575296  0.81803298
C -4.54104805  1.49896204  1.64330399
H -5.24521303  0.90149897  1.05608797
H -4.28888798  0.94292700  2.55063605
H -5.04353619  2.42410707  1.94585001
C -2.30473089  2.62767100  1.69600105
H -2.80717111  3.49686694  2.13350105
H -1.91650105 2.00731111  2.50940108
H -1.45552003  2.98976707  1.11291802
C -3.70561504  2.68101692 -0.39515299
H -4.42125082  2.13670111 -1.01943505
H -4.18304586  3.60896993 -0.06271700
H -2.84359598  2.94299412 -1.01467800
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- -105.8576 24.0454 48.8349
Red. masses  -- 5.7589 3.4652 3.4080
Frc consts -- 0.0380 0.0012 0.0048
IR Inten - 0.6098 0.0413 0.2116
Thermochemistry
Sum of electronic and zero-point Energies =-1857.210081

Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.99351495

5%

Structure

=-1857.170337

—1857.169393
—1857.274819

Element

S34
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-0.09802100
1.76415300
2.49573112
2.66281796
2.27963805
3.80458498
4.12287378
4.31521511
4.14814091
1.63698995
0.54548502
1.89326000
1.97854996
1.93302298
0.85631299
2.28221989
2.41985607
2.75489092
4.10411596
4.33136606
4.08027983
491610813
2.80364299
2.96635795
3.61425090
1.86197603
1.63841403
1.86338997
0.67370600
1.53414297
3.40730691
4.84584904
5.42318583
4.85451889
5.34902096
3.48012209
4.13578701
3.89265895
2.50418210
2.73700500
3.28009105
1.69937205
2.73243809

-0.79843801

-2.62514400

-2.46828103

-3.21188593

-3.61642289

-2.53786302

-2.53950191

-3.07115102

-1.49846697

-3.13109493

-3.53022003

-3.69543505

-2.08996797

-0.05956200
-0.40570700
0.89012498
-0.05211900
-1.33313406
-1.48956001
-1.94139397
-0.52730501
-2.13822293
-2.72115588
-2.65546489
-3.19987297
-3.37653303
-0.74098098
-0.59882402
-1.40705705
0.22957900
2.29787111
2.35701895
3.39073896
1.75562704
1.98580801
3.20410109
4.24583721
2.91549993
3.14425898
2.79283595
3.80835009
2.81044698
2.14903998
-0.41926301
0.11247500
-0.09394900
1.19256997
-0.36634600
-1.93073106
-2.12244201
-2.46601391
-2.35587001
0.27743301
0.04475700
-0.04423400
1.36260796
0.60574597
-0.23265401
0.97145998
2.29034209
-0.76565999
3.06873894
2.49290490
4.00762987
3.31798005
3.18439007
417947721
2.78234696
3.30117607

0.77666199
0.66554600
0.36214501
-0.51568401
1.81165695
1.74295700
0.79948902
1.84018600
2.55557203
1.69479001
1.76219797
0.74415100
2.50339699
3.19000793
3.32005596
3.98687291
3.33004999
0.81129199
1.55139899
1.83396399
2.46560097
0.91888899
-0.43090901
-0.13428800
-1.10600305
-0.98532999
1.74377298
2.08696795
1.22872496
2.62088203
-1.77408504
-1.61909699
-2.52668595
-1.45079195
-0.77331901
-2.02933502
-2.88522601
-1.16963005
-2.25820804
-2.97278905
-3.89558101
-3.09200907
-2.83741808
-1.22085702
0.10689200
-0.51027900
-0.68732899
1.14929402
-1.83599305
-2.76730299
-2.01714396
-1.59482098
0.56502098
0.33816800
1.40455306
0.88308400
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C -4.67088604  2.04398704 -1.11225700
H -4.70172024  1.47598803 -2.04754806
H -5.24080896  1.48556006 -0.36897501
H -5.18124580  2.99944592 -1.27681899
C -4.73664904 -1.56602299  0.45705199
H -5.47216606 -1.90355098  1.19558895
H -5.25447702  -0.94752502 -0.28288999
H -4.35309696 -2.45096993 -0.05570100
C -4.26585579  0.34818700  1.98633206
H -4.91007423  1.00398505  1.40186203
H -4.88877821 -0.10485100 2.76511908
H -3.49995589  0.95392901  2.47758508
C -2.88414407 -1.65294695  2.17642307
H -2.32374406  -2.46555805  1.72183502
H -2.18332911  -1.05392802  2.76500893
H -3.61604309 -2.09216404  2.86295390
C -1.33153498  -0.95515198 -0.33675501
C -1.29498196  -2.27438498 -1.13778102
C -2.30959296 -2.18275094 -2.29282689
H -2.30102110 -3.11141205 -2.87401700
H -3.32708597 -2.01851606 -1.93039000
H -2.05605793 -1.35851705 -2.96689606
C -1.60166502 -3.54013896 -0.31933701
H -0.92316997 -3.64452696  0.53160697
H -2.62852597  -3.56431890  0.04912400
H -1.46773505 -4.42131710 -0.95606399
C 0.09964700 -2.45694804 -1.73940396
H 0.85320699 -2.51641893 -0.95387101
H 0.14472900 -3.37760091 -2.33098197
H 0.35640299 -1.62152195 -2.39698696
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 27.5843 28.5807 43.2206
Red. masses  -- 3.3555 3.1687 3.0106
Frc consts -- 0.0015 0.0015 0.0033
IR Inten - 0.0480 0.1005 0.0013
Thermochemistry
Sum of electronic and zero-point Energies =-1857.238037
Sum of electronic and thermal Energies =-1857.197647
Sum of electronic and thermal Enthalpies =-1857.196702
Sum of electronic and thermal Free Energies  =-1857.304669

E =-1858.02213003

14:

Structure
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Cartesian Coordinates

Element X

Y 4

P -0.37635601 -1.01955199 -0.87504399
P -1.36212897  0.09657700  1.90548897

C -1.66849101 -1.03758597  0.42989901
Cc -1.76168895  0.22964300 -0.49075601
Cc -1.59759998  1.21891296 0.67422301
C 1.44783998 -0.84348702 -0.37838301
Cc 2.11622405 0.02284000 0.67544401

Cc 2.22130489  0.45087200 -0.54760301

C -2.59360409 -2.23780107  0.76487702
C -1.79604495 -3.14734411  1.72144103
H -1.41589797 -2.59509611  2.58762288
H -2.44031191  -3.94896197  2.09838104
H -0.94527000 -3.60640812  1.21423995
Cc -3.86292005 -1.77355695 1.50606596
H -4.41477489 -1.02438402  0.93473202
H -4.52695894  -2.62875199  1.67390001
H -3.62811899 -1.34044695  2.48312497
Cc -3.02818704 -3.09767199 -0.42949700
H -3.81395602 -2.61103797 -1.01196206
H -2.18927312  -3.32968903 -1.09229696
H -3.44255590 -4.04309797 -0.06298700
Cc -2.71468496  0.48605400 -1.70086706
C -4.16492414  0.64651698 -1.20420694
H -4.61550713 -0.33284199 -1.02121103
H -4.23200512  1.22058499 -0.27790499
H -4.77563906  1.14909697 -1.96247196
C -2.71494794  -0.62420499 -2.77220702
H -2.86939502 -1.61918402 -2.36682892
H -3.52880311 -0.41814500 -3.47711706
H -1.77813697 -0.63991398  -3.33344603
C -2.26509500 1.73576403 -2.48157406

H -2.86559606  1.82734394 -3.39263391
H -2.37193394  2.66703296 -1.93264198
H -1.21880603  1.63227797 -2.78466105
C -1.57352304  2.73651290 0.82480103

C -1.26909804  3.09654689  2.29246211

H -1.33776295  4.18103218  2.42370796

H -1.98677003  2.63276601 2.97697401

H -0.26371801  2.79355001  2.58684301
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C -0.44534099  3.33025193 -0.03178300

H -0.32280201  4.39788389  0.18126599

H 0.48730400 2.81677294  0.21378700

H -0.62025702  3.21723509 -1.10129499

C -2.93446994  3.39887810 0.52200103

H -2.84665704  4.48036385 0.67122102

H -3.29876494  3.23544192  -0.48987901

H -3.69499707  3.02519894  1.21518099

C 2.12179494 -2.20706797 -0.81239998

C 3.59462810 -2.26014996 -0.38370100

H 3.69161391 -2.28854203  0.70421100

H 4.05406809 -3.17319393 -0.77580202

H 417156696 -1.41078806 -0.75272101

C 2.06455112 -2.39497304 -2.34083200

H 1.03650796 -2.44789004 -2.70631003

H 2.56065607 -1.57018495 -2.86030197

H 2.57252407 -3.32342505 -2.62534499

C 1.41524804 -3.39752603 -0.14113900

H 0.40200499 -3.53820395 -0.52953798

H 196738505 -4.32430410 -0.33262599

H 1.35074794 -3.25533009  0.94247597

C 2.60008311 0.13017200 2.09789896

C 413711214  0.24813400 2.09190106

H 450626802  0.33074799  3.11989999

H 461238813 -0.61840099 1.62814403

H 445582914  1.14182794  1.54695594

C 2.02958989  1.39860106  2.75091505

H 249218011  1.55527401  3.73138690

H 2.22143602  2.28255892  2.13415194

H 0.95446700  1.29391503  2.89555192

C 2.16830492 -1.09603798  2.91338992

H 2.46078801 -0.97311598  3.96133494

H 1.08252203 -1.22410500 2.87391901

H 2.63406110 -2.01190305 2.53877997

C 2.80166197  1.40824497 -1.54791296

C 410242414  0.83840102 -2.14667201

H 485597801  0.68312800 -1.36820996

H 3.93777800 -0.11099900 -2.66021109

H 450844479 154833806 -2.87541389

C 1.78088605 1.63880897 -2.67143798

H 2.18946004  2.31486511 -3.42985010

H 1.51448798  0.69391400 -3.15579200

H 0.86673999  2.08456707 -2.27331090

C 3.15304708  2.73808789 -0.86117297

H 3.87905407  2.58253694 -0.05747700

H 3.59776092  3.42671990 -1.58741701

H 2.27345109  3.22298288 -0.43585300

Harmonic Frequencies
1 2 3
A A A

Frequencies  -- 27.8349 56.6972 68.9564

Red. masses - 3.6025 2.8135 2.6933

Frc consts -- 0.0016 0.0053 0.0075

IR Inten -- 0.0218 0.1960 0.1501

Thermochemistry
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Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.98666100

—1857.201346
—-1857.161650
—-1857.160706
—1857.265411

TSao:
Structure

x

J

Element X Y Z
P -0.12907700 -0.96901298 -0.45513499
P 0.41126901  1.05969298 -0.77769399
C 2.54015398 -0.15193801 -0.76314700
C 2.03495693 -0.63450497 0.41065201
C 1.99670899  0.88328499  0.13797900
C -1.95484602 -0.79693198 0.00671100
C -2.74569988  0.29335400 -0.70701599
C -2.48371291  0.51991999  0.54391402
C 3.29108906 -0.46811500 -2.02213812
C 2.80828309 0.39819300 -3.19698691
H 2.88562703  1.46311903 -2.95832705
H 3.42044401 0.20007600 -4.08356810
H 1.76435494  0.17999800 -3.43554592
C 479072618 -0.18953800 -1.78841305
H 5.17319202 -0.75002903 -0.93096900
H 5.36274910 -0.48692101 -2.67394900
H 497173595 0.87487900 -1.61151302
C 3.08708596 -1.95396900 -2.35508704
H 3.50160599 -2.59292102 -1.56885695
H 2.02241111 -2.18363190 -2.45521092
H 3.59155512 -2.20335889 -3.29461503
C 2.42292404 -1.62670898  1.49717903
C 3.95414901 -1.77515996  1.59260499
H 4.35459518 -2.20243192 0.66798300
H 4.45503378 -0.82475603  1.77327502
H 421112013 -2.45447993  2.41260290
C 1.86254394 -3.02203488 1.17081594
H 2.13449311 -3.33424497  0.15855400
H 2.26810098 -3.75232410 1.87936497
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0.77392900
1.84790504
2.03866196
2.29672599
0.76664400
2.71184111
2.96894002
3.41298795
3.65979290
2.04097009
1.81131995
2.29407096
0.85293603
1.60483503
4.05261803
4.58203793
3.91012812
4.69636297
-2.63383698
-4.16362000
-4.50680494
-4.62079287
-4.54217196
-2.22844505
-1.14063895
-2.65187311
-2.58564997
-2.20978308
-1.14462900
-2.77123594
-2.40434599
-3.35572290
-4.85493803
-5.33067989
-5.36820793
-4.99658918
-2.69234896
-3.17451906
-2.78529000
-1.62775898
-3.16566706
-3.59266496
-2.10242009
-3.65787005
-2.58248806
-3.93017697
-4.76589012
-4.01333904
-4.02507114
-1.43081796
-1.44744396
-1.50896800
-0.46613401
-2.51025605
-3.32697105
-2.58986211
-1.56546903

-3.04393101
-1.15146399
-1.89223003
-0.20368700
-1.00233603
2.09044003
3.12441492
4.03317213
2.72869396
3.40694094
2.72209501
3.60273600
3.04094005
2.01176500
1.71952796
2.62855697
1.10951400
1.17270005
-2.13814211
-2.02769303
-1.87961996
-2.94981289
-1.19602394
-2.49002099
-2.47543597
-1.77380502
-3.48842311
-3.28427911
-3.51524305
-4.19455814
-3.02939701
0.72518599
0.98703700
1.31815600
0.08602200
1.76890194
2.02694702
2.37006593
2.81596088
1.87911499
-0.37285399
-0.05895000
-0.58668101
-1.30193305
1.39376998
1.14917099
1.34532595
0.11801100
1.81346202
1.08052695
1.77093804
0.06029100
1.17463696
2.86165905
3.09565091
3.53339505
3.06090593

1.24054205
2.83724904
3.62090111
3.14920902
2.75631499
0.75364798
-0.35747400
0.06283500
-1.10915399
-0.86490297
1.82497299
2.26234794
1.40164006
2.63157701
1.39514005
1.69931495
2.29093790
0.70029998
0.41515699
0.35501301
-0.67398900
0.72958499
0.95530301
1.85581696
1.98171794
2.56768703
2.13232994
-0.52043903
-0.42997500
-0.28081301
-1.56753600
-2.00677609
-1.77189696
-2.70140100
-1.42503798
-1.01859403
-2.49052095
-3.41254210
-1.73844695
-2.68805790
-3.06107593
-4.01929283
-3.20966506
-2.75747705
1.75520599
2.45869207
1.77970099
2.81474805
3.32464695
2.71977901
3.56991005
3.10586596
2.21676612
1.30249095
0.61172497
2.16412306
0.78775400
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Harmonic Frequencies

Frequencies  --
Red. masses -
Frc consts --
IR Inten --
Thermochemistry

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.95747032

9:

Structure

1

A
-402.8538
12.0832
1.1554
12.2617

Cartesian Coordinates

2 3

A A

17.9859 44.4337

3.7274 3.8239

0.0007 0.0044

0.2033 0.4437
=-1857.176635
=-1857.136039
=-1857.135095
=-1857.243758

Element X

Y 4

P 0.05285600 -1.11884904  0.44339800

P -0.76101899  0.65786499  1.44411802

Cc -2.31359792  -0.21214700  0.81400299
C -1.54125595 -0.59599602 -0.46587500
C -1.86011195  0.86740500 -0.06067100
Cc 1.80816495 -0.75217497 -0.17166799
Cc 2.57704091  0.14979500 0.80050403

C 2.36329389  0.64082003 -0.37971100
C -3.48397112 -0.73980498  1.64603996
C -3.38242698 -0.18405600  3.07893300
H -3.37319708  0.91043001  3.08520389
H -4.24295807 -0.51966000  3.66802192
H -2.47012305 -0.53008097  3.57099295
C -4.86793613 -0.34282199  1.10557103
H -5.02492189  -0.65667301  0.07427600
H -5.64497805 -0.81424701 1.71701705
H -5.01733923  0.73916000 1.16412401
C -3.37014794  -2.27175593  1.72282696
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-3.54294705
-2.37263894
-4.11064577
-2.02967906
-3.55143905
-4.01949978
-4.02619219
-3.76966906
-1.54539001
-1.89608097
-1.92638898
-0.45659000
-1.40000999
-1.58340502
-1.81763303
-0.32025301
-2.48855901
-2.89237499
-3.35017204
-3.61781502
-2.02418494
-1.48390806
-1.90658998
-0.55390602
-1.24699605
-3.74061894
-4.16148710
-3.50698996
-4.51352310
2.54949594
4.07253599
4.36258793
4.57144499
4.45945883
2.25264692
1.18065202
2.66417909
2.70428896
2.14407611
1.09501004
2.75414801
2.29922295
3.19108701
4.68024778
5.15027094
5.22108078
4.79305506
2.49627590
2.98568892
2.55039597
1.44167805
3.03803992
3.45823002
1.98292601
3.55720210
2.55764508
3.97233605

-2.73747396
-2.56621909
-2.67180109
-1.34791899
-1.40855896
-2.05725908
-0.43133900
-1.83504295
-2.80712700
-3.30659389
-3.35742998
-2.88231611
-0.66193002
-1.24391401
0.33846700
-0.55093002
2.17489505
2.98486900
3.93221688
2.44076800
3.21417809
3.00596094
3.99246311
3.15043807
2.52760291
1.98962903
297311711
1.50206602
1.41392505
-1.96780801
-1.83888400
-1.90743804
-2.65530610
-0.89585102
-2.00948811
-2.03958201
-1.12812400
-2.89572597
-3.30943298
-3.55982494
-4.11704922
-3.29263091
0.27422899
0.63227302
0.74135602
-0.13861699
1.57964206
1.40812695
1.54725206
2.35197592
1.18430698
-1.04134798
-0.93893600
-1.31798398
-1.86361599
1.76523399
1.69983995

0.74930203
2.06251407
2.42415690
-1.71974802
-1.91350496
-1.16981196
-1.86766303
-2.89849901
-1.66201496
-0.75447500
-2.52880096
-1.67993498
-2.94425988
-3.85420489
-3.09354091
-2.82022500
-0.54874301
0.69850397
0.39620200
1.31002200
1.32369900
-1.35461700
-1.57382798
-0.80022699
-2.30815291
-1.41882706
-1.65434504
-2.36818600
-0.90675300
-0.82820302
-0.66143399
0.39115500
-1.19428599
-1.05482697
-2.33516908
-2.54195499
-2.83715200
-2.79496503
-0.19161101
-0.36303899
-0.61194998
0.89178503
2.16456103
2.00424504
2.98771095
1.44931197
1.46712399
2.94107509
3.91134906
2.39085889
3.12091494
2.93942595
3.94545388
3.03217697
2.43818998
-1.34772801
-1.95129597
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H 473693514  1.74137604 -1.16931701
H 411658621  0.77750200 -2.52161503
H 412771082  2.54396605 -2.63222098
C 151557600 1.65761399 -2.46639109
H 1.48727202  2.57468605 -3.06437492
H 1.74458206  0.82270902 -3.13415504
H 0.52531898  1.48354304 -2.04673004
C 2.40537596  3.08764100 -0.57713503
H 3.18709111  3.17956305 0.18412100
H 2.48935604  3.94210505 -1.25710201
H 1.43873501  3.13913012 -0.06859100
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 18.2062 49.1206 63.2385
Red. masses - 3.7355 2.8586 3.4264
Frc consts - 0.0007 0.0041 0.0081
IR Inten - 0.0723 0.0278 0.0622
Thermochemistry
Sum of electronic and zero-point Energies =-1857.222268
Sum of electronic and thermal Energies =-1857.182572
Sum of electronic and thermal Enthalpies =-1857.181628
Sum of electronic and thermal Free Energies =-1857.287014

E =-1858.00697116

TSos:

Structu

re

Cartesian Coordinates

Element X Y Z

P -0.37615699 -0.41352099 0.88878298
P 0.79602897 -0.13286600 -0.89306003
C 2.43777204 -0.85113698 -0.35270900
C 2.73832107 0.13053700 0.60854399
C 2.07082891 1.04764903 -0.21591701
C -2.08662796 -0.77090901  0.15548600
C -2.83750391  0.30050200 -0.62099397
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-3.17986012
3.26573992
2.39963508
1.99985802
3.00047493
1.55354297
4.42408800
5.07963610
5.02136803
4.03960419
3.82557511
3.02256989
4.32818079
4.55760813
3.52872992
5.05005789
5.39342499
5.36873579
5.55716610
3.11640406
3.42104697
3.59313202
2.03062892
3.10928297
3.55089211
3.44708705
2.02063608
2.36675596
1.97952104
2.16781998
2.57212710
0.92445302
1.46879697
1.59815705
0.41612399
1.72636902
3.84769201
417787981
4.48308516
4.01130104

-2.45277405

-3.84927797

-3.90830708

-4.08552122

-4.62616110

-2.44366407

-1.47642803

-3.22052503

-2.63371897

-1.43898797

-0.44907799

-1.73497105

-1.36049294

-2.95228791

-4.43977594

-4.55677795

-4.98137712

0.17810901
-1.92243695
-2.64813709
-1.94947100
-3.39903998
-3.15491009
-1.20156503
-0.68438500
-1.93235302
-0.46689200
-2.96567512
-3.42762995
-3.75403905
-2.53982091

0.19636799

0.19889800
-0.72264302

1.04153001

0.27898699
-1.02516496
-1.96631896
-0.95631301
-1.04966199

1.44694400

1.40599096

2.37349892

1.48400497

2.45881009

2.58058000

3.60320401

1.89988101

2.35146499

3.40657711

4.42897177

3.12846398

3.38785791
2.83939695

2.87050700

2.13214993

3.83358502
-2.27171707
-2.41636109
-1.92341495
-3.47636294
-1.98107100
-3.01876092
-2.90342808
-2.62844610
-4.08916998
-2.93562198
-2.95930195
-3.96737790
-2.38869309

1.05345595

1.31035995

1.87692297

0.36488199

0.62135100
-1.03634202
-2.07952809
-2.81905389
-2.60193801
-1.60693598
-1.75897098
-1.05304003
-2.31313396
-2.47402501
-0.05501400

0.52586001
-0.62465501

0.63341701
1.90254796
1.67764795

1.20148098

1.05849695
2.64426708

2.75130391

2.29441905

3.73421502

2.88191605
2.69382906
3.69391799
2.22653294
2.79860091
-0.67303902
-2.15939689
-2.50079894
-2.77933192
-2.32479405
0.15379700
-0.21738701
0.05941500
1.21429098
-0.53427500
0.50469398
-1.07795596
-0.96126300
-0.07689400
-0.70074898
-1.67688799
-0.84565002
-0.06614000

1.26569104

1.76466703

1.93317604

1.12063098
-1.02047098
-0.55578899
-1.24510098
-1.96709597
-1.91068602
-2.20151997
-3.13230705
-2.30373406
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H -4.90569496  1.88059902 -1.39238703
C -2.21466804  2.39605808 -1.75143397
H -2.25124693  2.96978307 -2.68489909
H -2.66501403  2.99435496 -0.95376903
H -1.16629601  2.22205591 -1.49100602
C -2.32970810 0.26310799 -3.06943011
H -2.41609812  0.82928401 -4.00376797
H -1.27111995  0.06338300 -2.88071895
H -2.83644390 -0.69686198 -3.20933509
C -3.93170905 0.66882402  1.81815803
C -5.28817415 -0.05261000  1.90908003
H -5.87361622  0.10265400  0.99724799
H -5.15068579  -1.12945604  2.04766989
H -5.86362600  0.32793099  2.76055694
C -3.11390090  0.39418000  3.08899808
H -3.64916205 0.76342499  3.97108006
H -2.93665910 -0.67772597  3.21587491
H -2.13860703  0.88636202  3.03635406
C -4.16163492  2.18162990 1.67127800
H -4.74676800  2.40591693  0.77371299
H -4.70422602  2.57550001  2.53801703
H -3.20423794  2.70609689  1.59449601
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- -126.7886 20.6594 33.7900
Red. masses  -- 6.3583 3.7607 3.4399
Frc consts -- 0.0602 0.0009 0.0023
IR Inten - 37.0836 0.1418 0.4979

Thermochemistry

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.95379821

TS410:

Structure

—1857.172279
—1857.131577
—1857.130633
—1857.240606
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0.21798700
1.91773295
1.92047203
2.29531908
3.03919601
4.39193296
4.75152206
4.33380079
5.14268017
3.21088791
2.24982405
3.66446590
3.86718106
2.65311599
1.76667905
3.48077106
2.43720293
2.51610208
3.96565294
4.39716387
4.59007883
4.01780987
1.70756400
2.15950799
1.70309699
0.67544597
2.50536799
2.92324710
1.48744297
3.10633111
2.80426693
4.32319307
4.57230997
4.87103415
4.67832518
2.08783102
2.32676601
2.37847900
1.00412095
2.35758710
2.59987712
1.27786601
2.85599804
-0.18561999
-1.82704103
-2.38670492
-2.82509303
-2.26952791
-3.66357589
-4.42872190
-3.69144011
-3.93708992
-2.32421899
-1.36092198
-3.05594611
-2.62270999
-1.27607501

1.40051305
0.97196001
-0.90076399
0.09310100
1.78509605
1.05992997
0.77846301
0.15541001
1.71610296
3.13526511
3.64358711
3.00861192
3.78867793
2.06260896
2.69718289
2.56595397
1.12780797
-2.22632694
-2.37925696
-3.30115390
-1.54442799
-2.44238091
-3.42870688
-4.35210323
-3.47736192
-3.39665198
-2.24207306
-3.18682599
-2.13770199
-1.42466605
0.31947601
0.49400300
0.55777502
-0.35092500
1.41320801
1.56195796
1.69120896
247167897
1.46052003
-0.90412498
-0.75309002
-1.05950701
-1.81856501
-0.64913702
-0.73856997
0.51780599
0.26381600
-2.14612389
-2.11211705
-1.77557600
-1.44474995
-3.11495590
-3.10948110
-3.19346309
-2.75995708
-4.11335278
-2.65603709

-1.00744498
-0.58222097
-0.24868800
0.54526597
-1.29917598
-1.33474803
-0.34590799
-1.94561601
-1.78800404
-0.57580400
-0.45043901
0.41089600
-1.16095102
-2.76484704
-2.83764601
-3.27769804
-3.29161096
-0.71214598
-0.22206099
-0.62669599
-0.54528701
0.86804497
-0.20504300
-0.58192998
0.88812101
-0.55895501
-2.25282788
-2.61655402
-2.63620210
-2.66081309
1.95654905
2.11112690
3.17584610
1.68505597
1.63860905
2.51426196
3.57509494
1.98476303
2.41716695
2.78101492
3.83791709
2.69291997
2.44865894
-0.92796898
0.03227000
0.67464203
-0.52244902
0.50379699
1.14466703
0.44041699
2.01102591
1.48980904
-0.69391799
-1.20478499
-1.43072903
-0.37170699
1.56075895
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H -0.24249500 -2.52636600 1.23571396
H -1.43284404 -3.71982908  1.77160501
H -1.39208996 -2.10541701  2.49876809
C -2.48016000 1.35470700  1.91878605
C -3.96988893  1.57761598  2.24100304
H -4.07328892  2.17449594  3.15369010
H -4.49054193  0.62761998  2.39194202
H -4.46843004  2.11088490  1.42594898
C -1.81821203  2.72661996  1.68584001
H -1.96673203  3.36330700  2.56551695
H -2.25719404  3.22552991  0.81721801
H -0.74681598  2.62232304  1.50016296
C -1.79662395  0.64589602  3.09487200
H -1.75868595  1.30704403  3.96690106
H -0.77419502  0.35657099  2.83615398
H -2.33891201  -0.25968200  3.38335800
C -3.65652204  0.65760899 -1.70417094
C -5.05916691  0.03792400 -1.56423700
H -5.70168591  0.37739301 -2.38386893
H -5.52557611  0.32718500 -0.61736798
H -5.01118898 -1.05474997 -1.60582304
C -3.00912595  0.16091600 -3.00562811
H -3.64897394  0.40780500 -3.85970902
H -2.86732411  -0.92401999 -2.98307395
H -2.03108692  0.62480599 -3.16033101
C -3.76649499  2.19045305 -1.73034704
H -4.36767721 251419711 -2.58688092
H -2.77475405  2.64573693 -1.81092501
H -4.24396801  2.56665707 -0.81986201
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- -329.2013 32.0829 40.1926
Red. masses - 8.6687 3.4400 3.7568
Frc consts -- 0.5535 0.0021 0.0036
IR Inten - 14,7671 0.0589 0.2840

Thermochemistry

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.94577868

10:

Structure

=-1857.164766

=-1857.124289

=-1857.123344
=-1857.231158
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Element X Y Z

P 0.67687398  1.82219195 -0.35563999

C 2.27186704 1.20798194 -0.25459999
C 1.36250603 -1.05255795 -0.31332400
C 2.44556689 -0.24402800  0.02161400
C 3.38837695 2.17629910 -0.77644598
C 3.97488594  1.52070200 -2.04915094
H 440151596 0.53429699 -1.87024701
H 3.18460894  1.40292394 -2.79723406
H 4.75540209 2.16075993 -2.47634196
C 450458622 2.61115193  0.20197000

H 407834911 3.19479704  1.02453899
H 5.08866596  1.80648303  0.63650399
H 5.20137787  3.26382399 -0.33397600
C 2.78949189 352236104 -1.24892998
H 2.31078601 4.06830692 -0.42991599
H 3.59945989  4.14947224 -1.63606799
H 2.05518103 3.39489388 -2.04750109
C 1.39819396 -2.53974509 -0.80523098
C 2.67611289 -2.77804899 -1.63730204
H 2.63461709 -3.76986408 -2.10125089
H 2.75761604 -2.03037596 -2.43195891
H 3.58652997 -2.73329496 -1.04282999
C 1.25152397 -3.65461397 0.27643299
H 0.50778300 -4.39231110 -0.03855800
H 2.18568492 -4.19642496  0.43169400
H 0.93237197 -3.26826310 1.24338603
C 0.24177399 -2.76166511 -1.80811298
H 0.30034199 -3.78288293 -2.19897389
H -0.73590702 -2.64708900 -1.33524203
H 0.29247999 -2.06906891 -2.65163708
C 3.65978289 -0.69804299  0.90397102

C 5.04952192 -0.73275203  0.23491400

H 5.79198408 -1.05364001 0.97359502
H 5.06848478 -1.45880198 -0.58243299
H 5.38707781  0.21514200 -0.17031100
C 3.62670398 0.24661700 2.13899398

H 454177713 0.11749600 2.72771502

H 3.51472402 1.29834402 1.89912295

H 2.77564001 -0.02152100 2.77344990
C 3.50160599 -2.08351707 1.55513299

H 4.24631786 -2.16782689  2.35343099
H 251947093 -2.20476294  2.01220894
H 3.68276000 -2.91019607 0.87226301
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P -0.15677699 -0.08679500 -0.69394499
C -1.72398102 -0.24579000  0.41146499
C -2.65571094  0.93325502  0.21593200
C -3.00470495 -0.16760500 -0.38036701
C -1.67448103 -1.00091696  1.76841295
C -2.87921906 -0.61132699  2.64155102
H -3.83037806  -0.79994100  2.13630199
H -2.85007191  0.44529799  2.91949105
H -2.86648107 -1.19967699  3.56510305
C -1.76774704 -2.51068592  1.51335096
H -1.04508996 -2.83821988  0.76855201
H -2.76478410 -2.77685499  1.14711595
H -1.58553696 -3.07860899  2.43266511
C -0.39723799  -0.65415698  2.54410601
H 0.49917001 -0.98933202 2.01726890
H -0.41085699 -1.12888801  3.53128600
H -0.31158400 0.42861599  2.68541098
C -3.00520706  2.36119509  0.53163099
C -4.48613119  2.40100408  0.95248097
H -4.78390694  3.43098092  1.17635906
H -4.65761995  1.79210103  1.84524906
H -5.13533783  2.02696991  0.15502900
C -2.81602097  3.21111989 -0.73971599
H -3.10344696  4.24928999 -0.54038602
H -3.43728995  2.83200788 -1.55635595
H -1.77320004  3.20170212 -1.06782997
C -2.14225411  2.92979002  1.66640902
H -2.39458108  3.98280311  1.82921302
H -1.07844901  2.86901808  1.42698205
H -2.31193709  2.39840698  2.60716891
C -3.99896598 -0.88665903 -1.24038899
C -5.16174316 -1.38340604 -0.36141601
H -5.91769409 -1.87513494 -0.98325098
H -5.63694906 -0.55002397  0.16516000
H -4.81651783 -2.10645795  0.38380101
C -3.33964396 -2.07542109 -1.94938803
H -4.06630993 -2.57892299 -2.59556508
H -2.96717000 -2.80643511 -1.22592700
H -2.50075698 -1.74500799 -2.56864905
C -4.53827381  0.10033300 -2.28918290
H -5.27121019  -0.39522600 -2.93476105
H -3.72630692  0.48112199 -2.91564012
H -5.02934313  0.95380402 -1.81229699
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 9.2587 31.2531 47.9900
Red. masses  -- 3.4784 3.3391 3.1506
Frc consts -- 0.0002 0.0019 0.0043
IR Inten -- 0.0869 0.2044 0.2862
Thermochemistry
Sum of electronic and zero-point Energies =-1857.214254
Sum of electronic and thermal Energies =-1857.174672
Sum of electronic and thermal Enthalpies =-1857.173728
Sum of electronic and thermal Free Energies  =-1857.280687
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E =-1858.00049444

TSi10s:

Structure

Cartesian Coordinates

Element X

Y z

P -0.01013200 -0.23607500 -0.77686000
P -0.63236302  1.55808496  0.48188499

C -1.30820799  -0.98419398  0.11683600
Cc -2.56154799 -0.22975500 -0.21297100
Cc -2.36891603  1.06942797  0.20700400
C 1.82828605 -0.56169999 -0.50267798
C 2.64345193  0.05829300 0.62187201

Cc 2.56322789  0.76916200 -0.46210501

C -1.31930006 -2.03402305  1.23624396
C 0.04504100 -2.01647711  1.93402100
H 0.26873600 -1.00631106  2.28498602
H 0.02893400 -2.69427299  2.79426503
H 0.84584802 -2.33176899  1.26909304
Cc -2.37012696 -1.62674499  2.29059792
H -3.38571310 -1.64572203  1.89764297
H -2.31284308 -2.32431793  3.13282204
H -2.16535211 -0.61741102  2.65808392
Cc -1.60382998 -3.47234988  0.75939697
H -2.61988306 -3.59573102  0.38278800
H -0.90219003 -3.79307103 -0.01421000
H -1.48434603 -4.14465094  1.61494398
C -3.65361595 -0.91978598 -1.06897104
C -4.75878477 -1.65607905 -0.28666800
H -4.37292385 -2.53388596  0.23736300
H -5.23883104 -1.00945902  0.45008501
H -5.52988720 -2.00979304 -0.98021901
C -2.96229100 -1.93895805 -2.00721908
H -2.39321399 -2.70067406 -1.47253299
H -3.71832299  -2.45754099 -2.60679197
H -2.27258110 -1.43023801 -2.68685889
C -4.31011486  0.08733100 -2.03268600

H -4.89390612 -0.45980200 -2.78104496
H -4.99264479  0.77736002 -1.53992796
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H -3.54659104  0.66986197 -2.55579805
C -3.39665794  2.16945410 0.54711503
C -2.84667492  3.00106597  1.72871804
H -3.55242491  3.80204892  1.97237098
H -2.70646095  2.38400102  2.62099600
H -1.89100099  3.47658300  1.48196197
C -3.58447289  3.13917804 -0.63576502
H -4.24103880  3.96395493 -0.33634600
H -2.61786795  3.55592608 -0.93262899
H -4.02685499  2.65684795 -1.50731802
C -4.74231577  1.60573196  1.03058100
H -5.35841703  2.41833806  1.43001795
H -5.31960583  1.12470496  0.24288701
H -4.58502913  0.87556100  1.83098996
C 2.39552402 -1.71447301 -1.39670503
C 3.90377998 -1.87787402 -1.16483700
H 412347984 -2.14424610 -0.12692200
H 429237413 -2.67609596 -1.80564106
H 445276213 -0.96149498 -1.39671302
C 2.17524195 -1.39277303 -2.88649797
H 1.11642396 -1.24920499 -3.12227607
H 2.70996809 -0.48287499 -3.17297602
H 2.55098104 -2.21059203 -3.51118112
C 1.71200395 -3.05353999 -1.09155405
H 0.62831098 -2.98410010 -1.23426604
H 2.08026505 -3.83166099 -1.76854599
H 1.90777695 -3.38578892 -0.06746600
C 3.28490496 -0.02128700  1.98249900
C 475923920 0.39514801  1.81107295
H 5.25836182 0.42017800 2.78561306
H 529451799 -0.31122199  1.16891098
H 4.84099102  1.38877404  1.36286294
C 2.57939506  0.97730398  2.91907907
H 3.02480197  0.92996103  3.91907191
H 2.68006206  1.99843395  2.54127598
H 1.50997996  0.76346397  2.99740291
C 3.24918294  -1.42543900 2.60183811
H 3.91094589 -1.45270097  3.47378707
H 2.25017810 -1.69648695  2.94053102
H 3.59256291 -2.18993402  1.89888597
C 2.92282796  2.01448393 -1.22131002
C 431473494  1.83529997 -1.85651696
H 5.06663799  1.59180295 -1.09951699
H 431186199  1.03699899 -2.60489607
H 461667919 2.76176906 -2.35651708
C 1.88885903  2.31591010 -2.31743193
H 2.18916798  3.21375203 -2.86831403
H 1.80727196  1.49237394 -3.03174996
H 0.90106398  2.49289703 -1.88124299
C 2.95633793  3.19250107 -0.23220199
H 3.71197605  3.04216194  0.54488301
H 3.19913793  4.11926222 -0.76295298
H 1.98220396  3.31485605  0.25040501
Harmonic Frequencies
1 2
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Frequen

cies

Red. masses  --
Frc consts --

IR Inten

Thermochemistry

Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies
Sum of electronic and thermal Free Energies

E =-1857.95142113

TSz_eZ

Structu

re

A
-643.0829
13.7270
3.3447
7.8384

Cartesian Coordinates

A A
28.9944 45.2153
3.5660 3.3686
0.0018 0.0041
0.1988 0.5914
=-1857.168362
=-1857.128656
=-1857.127712
=-1857.233311

Element X Y Z

P 0.67388302 -0.10436100 2.25507092
C 0.85738099 -0.27568799  0.38680500
C 2.12756991 -0.80971998 -0.27011999
C 2.18837810 -2.33224893 -0.07699900
H 2.08089089 -2.59410906 0.98053700
H 1.38835800 -2.83372498 -0.62956399
H 3.14563203 -2.72925401 -0.43163201
C 3.34097505 -0.16685700 0.42659101
H 3.29906106  0.92544103 0.36452100
H 3.38982797 -0.44495100 1.48485601
H 4.27075005 -0.49821001 -0.04762100
C 2.19370389 -0.45873800 -1.76287305
H 3.07974505 -0.91427398 -2.21683002
H 1.31891406 -0.81327403 -2.31128502
H 2.27097702  0.62453997 -1.90465903
C -0.03065800 0.77735800 -0.14516100
C -0.62047398 -0.44554201  0.00434900
C -1.61275303 -1.38737702 -0.65046400
C -0.19132499  2.21823597 -0.48688799
C 1.06137097 3.00414610 -0.08355900
H 1.25607502 2.89128089  0.98726702
H 1.94088805 2.65277696 -0.63174599
H 0.92698801 4.06788683 -0.30251199

S52



C -0.40630001  2.30327511 -2.01447606
H -1.31192398  1.76810598 -2.31396890
H -0.51647598  3.35301399 -2.30420494
H 0.44078600  1.88341606 -2.56363106
C -1.43296504  2.78298092  0.22826999
H -2.32505107  2.19161010 0.00534200
H -1.29177904  2.78515196  1.31171894
H -1.60506201  3.81155801 -0.10440700
C -2.96400595 -0.66629499 -0.78544003
H -3.70474005 -1.35118496 -1.21114695
H -3.32875299  -0.32152799  0.18404400
H -2.88017988  0.19601700 -1.45564198
C -1.12930799 -1.78579295 -2.05421209
H -0.96749997  -0.90284002 -2.68091393
H -0.20120300 -2.36164594 -2.01595306
H -1.88852894  -2.40983510 -2.53725290
C -1.76844597 -2.64861202  0.21132900
H -0.79902297 -3.12738895  0.37975401
H -2.20733190  -2.40909410  1.18300200
H -2.42405701 -3.36657810 -0.29189900
C -1.01684999 -0.05581100  1.76624095
@) -2.13041210  0.14657800  2.13592410
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- -486.7169 67.7485 75.2965
Red. masses  -- 11.7513 2.7965 2.9775
Frc consts -- 1.6402 0.0076 0.0099
IR Inten - 92.6134 0.2088 0.4735
Thermochemistry
Sum of electronic and zero-point Energies =-1041.831036
Sum of electronic and thermal Energies =-1041.809708
Sum of electronic and thermal Enthalpies =-1041.808763
Sum of electronic and thermal Free Energies =-1041.877187

E =-1042.22914081

6:

Structure

S53



Element X Y Z

P 0.72595501  0.17348801 2.02863312

C 0.56586200 -0.66382402  0.33924401

C 1.37448502 -1.81628799 -0.23824500

C 0.56203002 -3.11213303 -0.11657900

H 0.23348400 -3.26784205 0.91587901

H -0.32583001 -3.08793807 -0.75428700

H 1.16947198 -3.97271705 -0.41564000

C 2.67783809 -1.96532202 0.56722599

H 3.25080705 -1.03184295  0.56784999

H 2.47365594 -2.23764706  1.60596704

H 3.30379796 -2.74534512  0.12152200

C 1.76452899 -1.56142998 -1.70336199

H 2.30890703 -2.42652702 -2.09619093

H 0.89819002 -1.39378297 -2.34279203

H 2.42141795 -0.68986499 -1.78146899

C 0.41757300 0.75733203  0.25271100

C -0.87668502 -0.10294900 0.27869499

C -2.01894689 -0.27633601 -0.72544098

C 0.96323597  2.00901794 -0.40481699

C 247996497  2.06646609 -0.15674099

H 2.70582294  2.07181501  0.91387099

H 2.98636103  1.20795095 -0.60989201

H 2.89893293  2.97685599 -0.59728998

C 0.71520102  2.03407097 -1.92017305

H -0.35059601  2.09232211 -2.15207696

H 1.19386005 2.91887808 -2.35217690

H 1.13419104  1.15199995 -2.41166210

C 0.28956199  3.23155189  0.23646601

H -0.79577601  3.19520402  0.10246900

H 0.49740699  3.27274394  1.30970204

H 0.66049701  4.15457821 -0.22103800

C -2.83528495  1.02912796 -0.74473602

H -3.74442601  0.89819998 -1.34111202

H -3.13230205 1.31380904 0.26846001

H -2.26321912  1.85326505 -1.18118405

C -1.58747494  -0.63549501 -2.15068293

H -0.86143601  0.06542500 -2.56378889

H -1.16353500 -1.64186203 -2.19539905

H -2.46660709 -0.62553197 -2.80363703

C -2.92713189  -1.41202605 -0.20969900

H -2.36995196  -2.34875607 -0.11077400

H -3.35649705 -1.16531205 0.76289898

H -3.74462509 -1.57908404 -0.91899401

C -1.13634801  0.02887400 1.76016104

@) -2.12772012  0.09685700  2.43339205

Harmonic Frequencies
1 2 3
A A A

Frequencies  -- 66.8555 73.4546 84.7008

Red. masses - 2.9563 7.9837 2.9840

Frc consts -- 0.0078 0.0254 0.0126

IR Inten -- 0.1729 2.3239 0.0820

Thermochemistry
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Sum of electronic and zero-point Energies =-1041.891077
Sum of electronic and thermal Energies =-1041.870153
Sum of electronic and thermal Enthalpies =-1041.869208
Sum of electronic and thermal Free Energies =-1041.936703

E =-1042.29243801
TSe-7:

Structure

Cartesian Coordinates

Element X

Y z
P 0.73426998  0.16778900 -2.02903008
Cc -0.01739200  0.72453898 -0.36844501
C -0.09645400 2.18615389  0.05162000
Cc -1.38236403  2.81171203 -0.51136899
H -1.42718995  2.68452001 -1.59763896
H -2.28131890  2.36343408 -0.08220800
H -1.40932596  3.88370991 -0.29108599
Cc 1.10067701  2.96036792 -0.52953798
H 2.05366707  2.51401806 -0.23511700
H 1.06096697  2.99432707 -1.62223697
H 1.08322406  3.99050212 -0.15973599
Cc -0.05346800 2.34638190 1.58261395
H -0.11793000  3.40770698  1.84420705
H -0.87475801  1.83285499  2.08026409
H 0.88256699  1.95827901  1.99219501
C 1.13995099 -0.21716800 -0.36694399
C -0.93599802  -0.45024100 -0.28121400
Cc -2.27576709  -0.78254598  0.34890899
C 2.15596390 -0.78102702  0.59725899
C 3.17275310  0.30583501  0.98448199
H 3.66315293  0.71354002  0.09530000
H 2.70563507  1.12993503  1.53011203
H 3.94442201 -0.12801901  1.62911904
C 1.42963505 -1.29320800  1.85076702
H 0.76746100 -2.12388802  1.58984601
H 2.15483403 -1.64916098  2.58926702
H 0.83452100 -0.49829900 2.31352901
C 2.90201497 -1.93697095 -0.08849800
H 2.20507407 -2.70949888 -0.41882601
H 3.45301104 -1.57238603 -0.96143299
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H 3.62163305 -2.37587905 0.61028600
C -2.32491302  -2.27570200  0.72845900
H -3.32641101 -2.51566410  1.10023403
H -2.08979797 -2.92027307 -0.11837800
H -1.60674798 -2.49764800 1.52381802
C -2.61008906  0.02993800  1.60477197
H -1.84585297 -0.10453600 2.37634206
H -2.72356296  1.09612298  1.40216005
H -3.56038809 -0.32663399  2.01464796
C -3.33316588 -0.50847799 -0.74625802
H -3.32882404  0.54103899 -1.05516303
H -3.14649796 -1.12740600 -1.62801504
H -4.32993507 -0.74828798 -0.36017400
C -0.09831300 -1.38777304 -0.94724202
O -0.00176400 -2.59001398 -1.14776397
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- -171.0133 29.6298 69.4950
Red. masses  -- 8.9347 2.6670 2.7369
Frc consts -- 0.1540 0.0014 0.0078
IR Inten - 4.1674 0.0281 0.4727
Thermochemistry
Sum of electronic and zero-point Energies =-1041.842601
Sum of electronic and thermal Energies =-1041.821681
Sum of electronic and thermal Enthalpies =-1041.820737
Sum of electronic and thermal Free Energies =-1041.888698

E =-1042.24175328

Phosphatricyclo[2.1.0.0]pentan-3-one 7:

Structure

Cartesian Coordinates

Element

Y

P
0)

0.00000500 -0.40294600 -1.71499503

0.00001700

-2.31809306

1.30488598
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C -0.00000300 -1.37550795  0.54820901
C -1.04459596 -0.51673001 -0.11102300
C -0.00002500 0.60777199 -0.21139599
C 1.04456496 -0.51673901 -0.11100500
C -2.55457211  -0.64159900  0.00450900
C -2.87856698 -2.14705896 -0.07849000
H -2.54588103 -2.56201506 -1.03556705
H -3.95992398  -2.29898500  0.00165100
H -2.38464999 -2.70143700  0.72255599
C -3.30470705  0.06804800 -1.13101602
H -3.11621094  1.14178002 -1.16022205
H -4.38230801 -0.07904500 -1.00360596
H -3.02371693  -0.35308599 -2.10184407
C -3.01879907 -0.11742200  1.37404203
H -2.46018291 -0.60101599  2.18155909
H -4.08207989  -0.33454999  1.51994801
H -2.88597894  0.96408403  1.46404302
C 0.00000600  2.06709003  0.20795400
C -1.23913896  2.79475904 -0.33010700
H -1.31642497  2.68978405 -1.41682804
H -1.17080605  3.86146307 -0.09463200
H -2.15747094  2.41817188  0.12342000
C 1.23896801  2.79479098 -0.33039299
H 2.15742803  2.41838789  0.12302600
H 1.17056298  3.86152697 -0.09504800
H 1.31612504  2.68967009 -1.41711104
C 0.00022600 2.12912202  1.74631000
H -0.88332200  1.63824201 2.16236711
H 0.00042700  3.17172790 2.08170104
H 0.88375300  1.63799000 2.16211796
C 2.55455804 -0.64160001  0.00448200
C 2.87849402 -2.14711094 -0.07815400
H 2.38407302 -2.70132494  0.72270101
H 3.95978999 -2.29914689  0.00259400
H 2.54627609 -2.56218004 -1.03534102
C 3.30472708  0.06775500 -1.13119102
H 3.02371192 -0.35354301 -2.10194397
H 4.38231802 -0.07938300 -1.00374806
H 3.11631107  1.14148796 -1.16061294
C 3.01881409 -0.11711500 1.37388396
H 2.88619995 0.96444499  1.46359599
H 4.08204412 -0.33442500 1.51988900
H 2.46004009 -0.60038799  2.18147898
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 66.0922 78.3967 86.3813
Red. masses - 2.5983 6.8899 2.7939
Frc consts -- 0.0067 0.0249 0.0123
IR Inten -- 0.1941 2.7617 0.0226
Thermochemistry
Sum of electronic and zero-point Energies =-1041.909819
Sum of electronic and thermal Energies =-1041.888995
Sum of electronic and thermal Enthalpies =-1041.888051
Sum of electronic and thermal Free Energies  =-1041.955409
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E =-1042.31215623

Phosphacyclopentadienone 12:

Structure

Cartesian Coordinates

Element X Y Z

C 0.69460499 0.61832899  0.01084300

C 0.91268998 -0.71619803  0.02688300
C -1.65746999 -0.31750399  0.03850100
C -0.78476697  0.87033898 -0.25706699
P -0.71290201 -1.67503798 0.21882001

C -3.16881609 -0.20862000 0.05911200
C -3.68301797  0.09938000 -1.36318302
H -3.26226401  1.03363001 -1.73801398
H -3.41398501 -0.70753598 -2.05208802
H -4.77488518  0.18730600 -1.34753895
C -3.79775405 -1.52331102 0.54058403
H -3.46427202 -1.77770305 1.55219805
H -4.88828897 -1.42871702 0.55709398
H -3.54334092 -2.35637307 -0.12320200
C -3.58799791  0.92609602 1.01556206

H -3.22314906  0.73442900 2.03002691
H -3.19620299 1.88786900 0.67862701
H -4.68030787  0.99297202  1.05513704
C 2.17835307 -1.58445001 -0.07837100
C 3.14688706 -1.04969704 -1.14982402
H 401248217 -1.71584594 -1.22794497
H 2.65049696 -1.02510595 -2.12501907
H 3.52024293 -0.04934400 -0.94732499
C 1.81069005 -3.01233101 -0.54800999
H 1.24611294 -2.99905705 -1.48671198
H 2.73229289 -3.57571912 -0.72408599
H 1.22748899 -3.56383204  0.19408500
C 2.85833812 -1.73803496  1.29653502

H 3.25980592 -0.80076599  1.67804098
H 2.14467192 -2.12342191 2.03251696
H 3.68149400 -2.45721292 1.22336805

C 1.58535695 1.87034500 0.12726600

C 1.94897997 2.39742398 -1.27374005

H 254797792  1.67615497 -1.83581305
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H 1.04137599  2.61100292 -1.84320498
H 2.52533889  3.32514405 -1.18558502
C 0.81451899  2.98221803  0.88773799
H -0.01823200  3.37953305  0.31207499
H 0.43048200 2.60654998  1.84296596
H 150369298 3.80330992 1.10768294
C 2.85415411 1.64770603 0.96723801
H 2.59496593  1.29731405 1.97125494
H 3.56407809 0.94762099  0.53355098
H 3.37584209  2.60388398  1.07497704
@) -1.20611000 1.88116801 -0.78622198
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 21.1695 48.0882 58.8823
Red. masses - 2.8223 2.9600 4.0647
Frc consts -- 0.0007 0.0040 0.0083
IR Inten - 0.0768 0.0118 1.4147
Thermochemistry
Sum of electronic and zero-point Energies =-1041.906114
Sum of electronic and thermal Energies =-1041.884757
Sum of electronic and thermal Enthalpies =-1041.883813
Sum of electronic and thermal Free Energies  =-1041.954023

E =-1042.30747001

15:

Structure

Cartesian Coordinates

Element X

Y Z
C 1.13446903 -0.36826801  0.06850300
C -0.01476200  0.36024699  0.19542900
C -1.23707497  -0.55921900  0.28252301
C 0.92302501 -1.68245399  0.76294303
@) 181128895 -2.38923311 1.18863201
P -0.90763301 -2.06524205  0.97917598
C -2.53229094 -0.34634101 -0.53433597
Cc -0.11905900 1.86358094  0.54716903
C 248721695 -0.10483500 -0.60825801
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C 3.63754511  0.16481400 0.37833101
H 3.52891397  1.12078297  0.89272797
H 3.68478990 -0.63125199  1.12462103
H 458952808  0.18378800 -0.16348100
C 2.83672094 -1.39601302 -1.39729095
H 2.02127790 -1.67439497 -2.07375693
H 3.72813702 -1.21102798 -2.00499201
H 3.04199004 -2.23427892 -0.73309499
C 2.39093804  0.99582499 -1.68023205
H 3.32335997  1.02129400 -2.25329995
H 157392299  0.77934200 -2.37672591
H 2.23662591  1.99606097 -1.28091097
C 1.20117700  2.41493201 1.12629104
H 159659302  1.74464297  1.89373803
H 197593403 2.58238912  0.38253099
H 0.99818599  3.38227201  1.59679902
C -1.09075499 196758497  1.75112998
H -1.25984800 3.02289295  1.98860705
H -2.05640697  1.49976695  1.59274697
H -0.64276803  1.49193001 2.62892509
C -3.47613406  0.80391699 -0.12953299
H -3.86344290  0.65510798  0.88308102
H -3.02591300  1.79215300 -0.18517500
H -4.33276176  0.80191702 -0.81079400
C -0.54473197  2.78559303 -0.60911697
H -0.56698698  3.82247901 -0.25750801
H 0.16876601  2.72691703 -1.43477798
H -1.53107500 2.55533099 -1.00880802
C -2.07074809 -0.14993300 -1.99780500
H -1.46910703 -1.00317502 -2.32550001
H -2.94570804 -0.07592700 -2.65227699
H -1.47054398  0.75282198 -2.12844801
C -3.40432000 -1.61773598 -0.49351200
H -4.30274487 -1.46011901 -1.09813702
H -2.87757611 -2.48822594 -0.89267898
H -3.72625494  -1.85116696  0.52647603
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 61.0331 63.9146 99.3514
Red. masses  -- 3.2493 3.5123 4.8012
Frc consts -- 0.0071 0.0085 0.0279
IR Inten -- 0.0456 0.3231 1.4469
Thermochemistry
Sum of electronic and zero-point Energies =-1041.869127
Sum of electronic and thermal Energies =-1041.848486
Sum of electronic and thermal Enthalpies =-1041.847542
Sum of electronic and thermal Free Energies =-1041.914563

E =-1042.27197111

16:

Structure
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Cartesian Coordinates

Element X Y Z

C 1.10476601 -0.49168399 -0.23124000
C 0.15558200 0.48189101 -0.10732400
C 2.62297106 -0.63672000 -0.24984500
C 0.27359599 1.99167705 0.14201801
C 0.64279300 2.71293592 -1.16778004
H 0.71786600  3.79214597 -0.99376398
H 1.59434497 2.36813807 -1.57342505
H -0.12373100 2.54508996 -1.93069005
C 1.31011903 2.29659390  1.24032104
H 1.32657194  3.37221694  1.44653106
H 1.04941797 1.77737296  2.16816711
H 2.32167196  2.00530291  0.96424800
C -1.05096698 2.58062696  0.64343101
H -1.81740296  2.56642509 -0.13194101
H -1.42349899  2.04594111  1.52210605
H -0.89777100 3.62670708  0.92581302
C 3.15480590 -0.72860700 1.19480896
H 423129177 -0.93198800 1.18634498
H 2.98646402 0.19331200 1.75374699
H 2.66169500 -1.54292405 1.73556602
C 3.34478593  0.47421101 -1.02958298
H 441147280 0.23676400 -1.09892797
H 2.95021105 0.54918998 -2.04769397
H 3.26255798  1.45394599 -0.55963099
C 2.96757889 -1.96285403 -0.96051598
H 258111691 -1.97561395 -1.98477006
H 4,05331516 -2.09525704 -1.00351095
H 2.55213594 -2.82702398 -0.43152699
C -0.86687201 -1.09252298  1.35156298
(@] -1.13875401 -1.13589299  2.50745797
C -1.10859096 -0.37367800 0.07333600
C -2.53730512 -0.29905400 -0.51565999
C -2.47139001  0.35550800 -1.90053403
H -1.74311602 -0.16040100 -2.53507805
H -3.44878602  0.30127800 -2.39125204
H -2.18365788  1.40838599 -1.84201205
C -3.53425789  0.42787200 0.40877101
H -3.35159302  1.49711895 0.48926800
H -4.54921389  0.29914299  0.01892700
H -3.50385690 0.00168500 1.41628504
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C -3.08402395 -1.73239994 -0.68532598
H -3.10780096 -2.27036691  0.26961499
H -4.11063719  -1.69229698 -1.06180501
H -2.48581696 -2.31197596 -1.39261603
P -0.02565100 -1.94452906 -0.14775300
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 45,9181 49.0656 72.1068
Red. masses - 3.1012 3.9218 5.6469
Frc consts - 0.0039 0.0056 0.0173
IR Inten - 0.1269 0.4124 1.2968

Thermochemistry

Sum of electronic and zero-point Energies =-1041.869802
Sum of electronic and thermal Energies =-1041.848421
Sum of electronic and thermal Enthalpies =-1041.847477
Sum of electronic and thermal Free Energies =-1041.916850
E =-1042.27061741

TSi1213:

Structure

Cartesian Coordinates

Element X Y z

P 1.04907203  1.44403303 -0.96846098

P -1.04908395  1.44404197  0.96851498

o) 2.39564490 -0.43775699  2.01096010

o) -2.39563298 -0.43765199 -2.01097298

C 1.66748798  1.35021698 0.62322301

C 2.07926106 -0.02564900  0.90074599

C 2.12254190 -0.90956700 -0.36850601

C 1.45989203 -0.31328100 -1.39836895

C -1.66746402  1.35027397 -0.62318498

C -2.07927608 -0.02557100 -0.90074199

C -2.12260103  -0.90950900  0.36849099

C -1.45995295  -0.31326500  1.39838099
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2.26421809
1.73952198
2.21933198
0.65915501
1.95435202
1.99946499
2.52339005
2.35893106
0.93408698
3.79213500
4.03360224
4.21226692
4.28039598
2.89618802
2.00589299
1.09523201
1.72774196
2.55084395
4.22549009
4.83409500
4.06761885
4.79464197
3.34224510
3.71912193
4.17624283
2.56082296
1.25664997
2.61359000
2.45011210
3.33780289
3.05725908
0.36526099
0.19883500
0.82932901
-0.60967898
0.53861302
-0.53956199
0.71433198
0.84673703
-2.26411510
-1.73934495
-0.65896702
-1.95419204
-2.21908498
-1.99934900
-2.52323008
-2.35885096
-0.93396401
-3.79203701
-4.28024912
-4.03350782
-4.21221685
-2.89625001
-2.00592208
-1.09524202
-1.72780097
-2.55083299

2.54463410
3.87525296
4.70896721
3.96931911
3.98923707
2.53824210
3.38374496
1.61807203
2.65297008
2.48706508
2.53794503
1.56291103
3.33081293
-2.23994303
-3.19132090
-3.44942689
-2.73879409
-4.11839104
-1.98064399
-2.88955688
-1.71344900
-1.18051195
-2.99229002
-3.97002506
-2.48287606
-3.17370796
-0.72657400
-0.67689300
-0.85877001
-1.40053403
0.31952199
0.27100700
-0.11479600
1.25706804
0.37290800
-2.09140491
-1.92654097
-2.75510502
-2.60599899
2.54472709
3.87531304
3.96930504
3.98931289
4.70905876
2.53832603
3.38385606
1.61817598
2.65300488
2.48724389
3.33102107
2.53813291
1.56311405
-2.23987603
-3.19124293
-3.44929504
-2.73872399
-4.11834478

1.38712394
0.82639903
1.34922194
0.97340602
-0.24163000
2.90018010
3.35960102
3.36258793
3.11210895
1.16471004
0.09758700
1.57207000
1.66539598
-0.20135400
0.62334502
0.07311200
1.57269096
0.83072299
0.55927998
0.51963198
1.60009801
0.07279900
-1.46877003
-1.15190101
-1.95706201
-2.20053005
-2.86869097
-3.60752010
-4.67509079
-3.25078392
-3.50540495
-3.62897992
-4.64005518
-3.72910905
-3.15658498
-2.99276304
-3.05080295
-2.14724207
-3.90904593
-1.38708794
-0.82635301
-0.97333300
0.24167000
-1.34919000
-2.90014100
-3.35956502
-3.36255908
-3.11205912
-1.16468406
-1.66536903
-0.09756200
-1.57204998
0.20130099
-0.62337703
-0.07315300
-1.57273495
-0.83072299
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C -4.22552586  -1.98058105 -0.55938399
H -4.06761789 -1.71333396 -1.60018098
H -4.79472685 -1.18049002 -0.07289000
H -4.83409882 -2.88951802 -0.51980799
C -3.34236503  -2.99221611  1.46869695
H -3.71932411  -3.96991396  1.15181100
H -4.17632103  -2.48273993  1.95699799
H -2.56095409 -3.17371202  2.20044994
C -1.25670302 -0.72659600 2.86869311
C -2.61362505 -0.67692697  3.60755110
H -3.33773804 -1.40076995  3.25102305
H -3.05744696  0.31939700 3.50521111
H -2.45008206 -0.85852700 4.67515898
C -0.53868198 -2.09143209 2.99273896
H -0.71459103 -2.75521803  2.14732599
H -0.84663498 -2.60591507  3.90914202
H 0.53951001 -1.92659903  3.05055404
C -0.36528400  0.27095699  3.62897706
H -0.19882800 -0.11487000  4.64003801
H -0.82933497  1.25702202  3.72915792
H 0.60963899  0.37285700  3.15655398
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- -492.8431 48.4070 54,3372
Red. masses  -- 13.2889 3.3748 3.3746
Frc consts -- 1.9018 0.0047 0.0059
IR Inten - 0.3591 0.1113 0.0737
Thermochemistry
Sum of electronic and zero-point Energies =-2083.777306
Sum of electronic and thermal Energies =-2083.735316
Sum of electronic and thermal Enthalpies =-2083.734372
Sum of electronic and thermal Free Energies  =-2083.844253

E =-2084.58543325

13:

Structure

Cartesian Coordinates
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Y 4

P 1.13471305 0.75817102  1.46833301

P -1.13481998 -0.76483601  1.46479905
@) 0.83288300 -2.44963598 -0.64603001
@) -0.83248699  2.45236802 -0.63506502
C 0.75216597 -1.04636300  1.28345203
C 1.16928601 -1.39570296 -0.13264300
C 2.01587510 -0.35743800 -0.82533598
C 1.92128694  0.85992801 -0.21128900
C -0.75222099  1.04047203  1.28812897
C -1.16913199  1.39622402 -0.12641600
C -2.01590800  0.36124599 -0.82379699
C -1.92146003 -0.85890800 -0.21528199
C 1.42483699 -1.98414004  2.34825611
C 1.14217901 -1.47097504  3.76940489
H 1.58274102 -2.15689898  4.50015306
H 0.06745900 -1.41854405 3.96939707
H 1.57405996 -0.47983700  3.93597603
Cc 0.91837698 -3.42909002  2.25680208
H 144736099 -4.04421520 2.99254394
H 1.08832598 -3.85655403  1.26701701
H -0.15016399  -3.48692107  2.48269892
Cc 2.94664502 -1.97482896  2.11685705
H 3.35182500 -0.95659298  2.12439609
H 3.20855403 -2.44227791  1.16266000
H 3.44765806 -2.53759193 2.91100311
Cc 2.70637608 -0.87472200 -2.11989594
C 1.61892402 -0.98074800 -3.21152496
H 1.24617004 0.00886000 -3.49210000
H 0.77475703 -1.58247197 -2.87071705
H 2.03786397 -1.45276797 -4.10688019
C 3.33231211 -2.27381396 -1.87186503
H 3.90074801 -2.56460500 -2.76089001
H 2.59328103 -3.04415989 -1.67366898
H 4.03751898 -2.23301792 -1.03410804
Cc 3.88652992 -0.06635900 -2.69142604
H 416371202 -0.52384299 -3.64644408
H 4.76315594 -0.13773900 -2.04208994
H 3.68293309  0.98150200 -2.89004803
Cc 2.51373410  2.23214889 -0.58658898

C 4.04551315  2.19836402 -0.38643101

H 445849323  3.19176602 -0.59207398
H 456101894  1.48130500 -1.01515996
H 427241707  1.95469701 0.65706998

C 2.02349901  3.35491204  0.35108799

H 2.43640304  4.30509186 -0.00359900
H 2.36453509  3.21496010 1.38117504

H 0.93806398  3.43742609  0.32889000

C 2.07279301 2.66919088 -2.00118303

H 1.04620004  3.03918099 -1.95759499
H 2.09192801 1.87003899 -2.73819089
H 2.71599793  3.48073697 -2.35837412
C -1.42498600 1.97350705  2.35702991

Cc -1.14239502  1.45403099  3.77589512

H -0.06769500  1.40095305 3.97581410
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H -1.57408702  0.46206000  3.93793607
H -1.58321905 2.13657808  4.50964117
C -0.91855901  3.41885591  2.27191496
H -1.44782698  4.03079891  3.01010108
H -1.08822501  3.85052299  1.28389704
H 0.14990900 3.47576404  2.49840403
C -2.94677901 196515703  2.12551498
H -3.44784808  2.52455997  2.92199302
H -3.35195899  0.94690001  2.12873697
H -3.20862699  2.43665600  1.17330003
C -2.70635104  0.88447499 -2.11599898
C -1.61904800  0.99487197 -3.20732403
H -1.24637496  0.00637000 -3.49189210
H -0.77483201  1.59521794 -2.86418009
H -2.03809905  1.47051203 -4.10070896
C -3.33179498  2.28268003 -1.86180794
H -2.59250093  3.05188394 -1.66015196
H -4.03709507  2.23842311 -1.02430904
H -3.90005803  2.57762599 -2.74957609
C -3.88683701  0.07894400 -2.69075894
H -4.16418695  0.54064697 -3.64369798
H -4.76323605  0.14774400 -2.04084611
H -3.68353891  -0.96809798 -2.89399695
C -2.51377010 -2.22950697 -0.59675401
C -4.04555702  -2.19708705 -0.39656800
H -4.56129599 -1.47730899 -1.02197397
H -4.27258015 -1.95834196  0.64804101
H -4.45820904 -3.18966508 -0.60682303
C -2.07247496 -2.66009307 -2.01315308
H -2.09291101 -1.85801601 -2.74692297
H -2.71451902  -3.47115898 -2.37351608
H -1.04534495 -3.02877808 -1.97110999
C -2.02334809 -3.35633302  0.33594200
H -2.43665600 -4.30490780 -0.02255100
H -2.36390805 -3.22066689  1.36675298
H -0.93794298 -3.43907404  0.31291100
Harmonic Frequencies
1 2 3
A A A
Frequencies  -- 37.0570 59.6481 63.7253
Red. masses  -- 3.4872 3.2653 3.5891
Frc consts -- 0.0028 0.0068 0.0086
IR Inten -- 0.1060 1.8270 0.0007
Thermochemistry
Sum of electronic and zero-point Energies =-2083.893153
Sum of electronic and thermal Energies =-2083.851821
Sum of electronic and thermal Enthalpies =-2083.850877
Sum of electronic and thermal Free Energies  =-2083.958267

E =-2084.70346605

Ex0-TS12.13:

Structure
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Cartesian Coordinates

Element X Y Z

C 2.65718198 -0.74185199 -0.33536500
C 2.58590508 0.40135801 0.39712200
C 1.68679094 -1.80045295  0.23134600
C -0.07642900 -2.02812600 2.16879392
C 0.87689298 -2.02025008  3.38599801
H 1.84261000 -2.46227288  3.12161207
H 1.04779601 -0.99907798  3.74846506
H 0.45288000 -2.59868097 4.21523380
C -1.39518797 -1.35638905  2.58003306
H -2.13191795 -1.41675699 1.77737796
H -1.81154895 -1.85468495  3.46217608
H -1.26208699 -0.29758501  2.82887506
C -0.35965401 -3.49939489  1.82220900
H -0.96829897 -3.59725904  0.92287499
H 0.56322700 -4.05145884  1.64877796
H -0.90633303 -3.96393895 2.65073705
C 3.66838408 1.43068397 0.81469899
C 5.01813889 0.69984698 0.97420698
H 5.73690319 1.36714101  1.46088600
H 490367603 -0.19196500 1.59729195
H 5.45284700 0.39353001  0.02462100
C 3.33100510 1.95627904  2.22958589
H 3.24497008 1.13554001 2.95110798
H 413811016  2.61197209 2.57103610
H 2.40521908 2.53469110 2.26405001
C 3.85441995 2.65764594 -0.09677300
H 4.03203487 2.38807797 -1.13757098
H 2.98914289  3.32119799 -0.06326500
H 471886301 3.23211002 0.25344399
C 3.51683903 -1.16637003 -1.53198504
C 4.62824583 -2.15308404 -1.12271798
H 5.33855581 -1.70037603 -0.42671299
H 4.19270897 -3.03509498 -0.65226799
H 5.18266487 -2.46513700 -2.01485395
C 2.58229899 -1.87215400 -2.54965591
H 2.16036892 -2.79035306 -2.14428091
H 1.76444304 -1.20754695 -2.84816408
H 3.15878510 -2.12123895 -3.44655895
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C 411769390 0.02564200 -2.29264688
H 3.34029889  0.74724698 -2.56454897
H 489736986  0.54942298 -1.74150503
H 457286692 -0.33843899 -3.21910191
o) 1.94400406 -2.99312401  0.09933800
P 0.93238401  0.44983801  1.26188695

C 0.61746401 -1.24479401  1.03790700
P -0.45978799  0.13354300 -1.06661999
C -0.75648201  1.64402604 -0.34131700
C -2.01131797  1.52217305  0.43808401
o) -2.26415992  2.17097402  1.43865895
C -2.18178105 -0.50950998 -0.75833201
C -2.92774296  0.43007699 -0.11852300
C -0.22885700  3.02216506 -0.72310799
C 0.27159801  3.81512809  0.49333000

H 1.14563298  3.34236693  0.94217098
H 0.55115998  4.83109999  0.19321500
H -0.50497103  3.86899495  1.25865901
C -1.40830398  3.80355692 -1.34621406
H -1.05697000 4.77467108 -1.71181405
H -1.84003496  3.25672889 -2.19099593
H -2.19550490  3.98523593 -0.60906702
C 0.86502898  2.88485003 -1.79020703
H 0.44575599  2.50474691 -2.72817397
H 1.32560599  3.85689902 -1.99411798
H 1.65198898  2.19505095 -1.47636402
C -2.50197792  -1.86442995 -1.41857600
C -4.42374706  0.59145701  0.21819700
C -5.39232111 -0.02670000 -0.80388099
H -5.27378321  0.44646901 -1.78346598
H -5.29756689 -1.10184002 -0.92610598
H -6.41585922  0.16687600 -0.46845800
C -4.80463886  2.09569311  0.23459201
H -5.89246988  2.18227601  0.31371200
H -4.35574007  2.62923288  1.06833506
H -4.50089121  2.58459091 -0.69808298
C -4.67781305 0.00023500 1.61901402
H -4.01778221  0.46523201  2.35507703
H -5.71506310  0.19029100  1.91574597
H -4.51041222 -1.08032703  1.63821006
C -1.20999503 -2.64359403 -1.75800300
H -0.64697999 -2.17394805 -2.56998396
H -0.54013401 -2.75144911 -0.90374303
H -1.48140299 -3.64830303 -2.09605694
C -3.34054899 -2.78383708 -0.51275402
H -3.60016704 -3.69771004 -1.05708206
H -2.77297401 -3.07455802  0.37290099
H -4.26512003 -2.32966709 -0.16546699
C -3.20201802 -1.61770904 -2.77402806
H -4.17662716 -1.14601004 -2.67454195
H -2.58141804 -0.97900802 -3.41184998
H -3.33655810 -2.57355309 -3.29155493
Harmonic Frequencies

1 2
A A
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Frequencies  -- -437.8865 28.0599 47.4988
Red. masses  -- 12.8646 3.9097 3.6104
Frc consts -- 1.4533 0.0018 0.0048
IR Inten - 4.7740 0.4458 1.8776
Thermochemistry

Sum of electronic and zero-point Energies =-2083.772068
Sum of electronic and thermal Energies =-2083.729517
Sum of electronic and thermal Enthalpies =-2083.728573
Sum of electronic and thermal Free Energies =-2083.839739

E =-2084.57729272

Exo-13:

Structure

Cartesian Coordinates

Element X

S69

Y 4
C 2.72884607 -0.67146897 -0.26065201
Cc 2.57863498  0.50513202 0.41279101
Cc 1.67985797 -1.67583704  0.15420701
C -0.12988999 -1.88302100  1.99496305
C 1.02088296 -1.99030101  3.01792097
H 1.85147095 -2.58301306 2.62706089
H 1.39544106 -1.00149095  3.30658889
H 0.65749502 -2.47909689  3.92755508
Cc -1.30264199 -1.15567303 2.67210388
H -2.17196798 -1.10066402  2.01395702
H -1.60140300 -1.71260703  3.56651402
H -1.04099298 -0.14057299  2.98404193
C -0.60429698 -3.30392694  1.65588105
H -1.51979399  -3.27807903  1.06349504
H 0.15396699 -3.86843109  1.11553800
H -0.84188002 -3.83178496  2.58596992
C 3.63410711 1.56878901  0.83305502
C 492098284  0.84668797  1.28542304
H 5.61085987  1.57180297  1.72951102
H 4.68687296  0.09196100  2.04229999
H 544596720 0.35177499  0.47165799
C 3.15212393  2.34368610 2.08197594
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2.94931197
3.93993092
2.24702907
3.96244407
4.28776598
3.10304189
4.76826000
3.76475310
4.74168682
5.34211206
4.19835377
5.42727089
2.97968197
2.47991490
2.22951388
3.67963195
4.55920506
3.88798690
5.25171900
5.15800190
1.87015998
0.87853998
0.42041400
-0.52831799
-0.34481201
-1.66947496
-1.74847496
-2.37144804
-2.82815504
-0.07771800
0.22829200
1.11720395
0.41124299
-0.59830898
-1.32036495
-1.09033000
-1.63073397
-2.16892600
1.08286595
0.85175800
1.26479602
2.00665402
-3.08619404
-4.23166609
-5.40698719
-5.28133583
-5.58017778
-6.31903076
-4.28194809
-5.29022694
-3.57799506
-4.09941196
-4.50539112
-3.71992302
-5.46081114
-4.56065083
-2.07929492

1.67684603
3.04116392
2.92876410
2.64271498
2.23101592
3.28915000
3.27784991
-1.20002103
-2.20149803
-1.73217905
-3.04074788
-2.58665109
-1.91937006
-2.81938291
-1.24957895
-2.20227408
-0.10386300
0.61128002
0.44176000
-0.57410902
-2.87677693
0.68005401
-1.08018899
-0.55145103
1.16386402
1.40029800
2.14795995
-0.56695300
0.57936400
2.31186795
3.61686897
3.51579905
4.42602301
3.90739298
2.53443599
3.27574611
1.61226797
2.91135812
1.95918000
1.07215405
2.79346204
1.76115096
-1.79512298
1.11881995
0.67880303
1.04276204
-0.39367601
1.13603103
2.66669512
2.99297810
3.14888096
3.01469207
0.68828702
1.05245197
1.10645199
-0.40033001
-2.87985396

2.92449498
2.38372397
1.89958096
-0.22509000
-1.17684603
-0.41445500
0.15780599
-1.27731299
-0.63070297
0.15291201
-0.19604200
-1.39368498
-2.40750194
-2.05598497
-2.84215999
-3.19985795
-2.00450206
-2.48974991
-1.36667895
-2.79062009
0.07726500
1.19016695
0.76311499
-0.85043901
-0.20941000
0.52265900
1.47704506
-0.59462202
-0.01302000
-1.23689198
-0.48880100
0.13889800
-1.20374501
0.16360100
-2.12028694
-2.89213204
-2.62308311
-1.54457998
-2.17822504
-2.77602506
-2.86415505
-1.63912201
-1.20045400
0.36977699
-0.51807803
-1.54184401
-0.54591697
-0.12181800
0.29587901
0.56927699
0.96843702
-0.72609800
1.82732904
2.49225211
2.16265512
1.92110705
-1.65656102
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H -1.51202297 -2.56357694 -2.53485203
H -1.36405206 -3.16656208 -0.88346797
H -2.63770294  -3.78114009 -1.92947805
C -4.02374792  -2.46906304 -0.18051800
H -4.57264709 -3.28356504 -0.66446501
H -3.44994497 -2.89944196  0.64464301
H -4.75043583 -1.78866196  0.25719801
C -3.82393503 -1.39288104 -2.49665594
H -4.64936781 -0.70709199 -2.33801508
H -3.12193608 -0.92268699 -3.19313097
H -4.21923494  -2.29277706 -2.97993588
Harmonic Frequencies

1 2 3

A A A
Frequencies  -- 26.4518 42.0900 52.0344
Red. masses  -- 3.7430 3.2350 2.9224
Frc consts -- 0.0015 0.0034 0.0047
IR Inten -- 0.6234 0.2341 0.3255
Thermochemistry
Sum of electronic and zero-point Energies =-2083.870008
Sum of electronic and thermal Energies =-2083.828047
Sum of electronic and thermal Enthalpies =-2083.827102
Sum of electronic and thermal Free Energies =-2083.936619

E =-2084.67844944
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3. X-ray structure determinations

Martin Nieger has determined X-ray structures of the compounds 3, 4, 5 and 11. Martin Lutz has determined

the structures of the compounds 7, 8 and 13.

Crystal data of 3:

C32H5402P2 V = 1654.65 (13) A3
M; = 532.69 Z=2
Triclinic, P~ 1 F(000) = 584

a=8.8301 (4) A

Dy = 1.069 Mg m™

b =12.8187 (6) A

Cu Ka radiation, A = 1.54178 A

c=15.7097 (7) A

=136 mm?

o = 76.086 (1)°

T=123K

B = 86.858 (2)°

0.50 x 0.40 x 0.30 mm

y = 73.487 (1)°

Data collection of 3:

24941 measured reflections

Omax = 72.2°, Omin = 2.9°

6469 independent reflections h=-10-10
5990 reflections with | > 2o(1) k=-15—13
Rint = 0.025 1=-19-19

X-ray crystal structure determinations of 4, 5 and 11:

The single-crystal X-ray diffraction studies were carried out on a Bruker D8 Venture diffractometer with
Photon100 detector at 123(2) K using Cu-Ka radiation (1 = 1.54178 A, 4, 5) or Mo-Ka radiation (4 =
0.71073 A, 11). Direct Methods (SHELXS-97)™ were used for structure solution and refinement was carried
out using SHELXL-2014 (full-matrix least-squares on F?).** Hydrogen atoms were localized by difference
electron density determination and refined using a riding. Semi-empirical absorption corrections were
applied. For 11 an extinction correction was applied.

4: orange crystals, CzoHsaP2, M; = 476.67, crystal size 0.50 x 0.40 x 0.30 mm, triclinic, space group P-1 (No.
2), a=8.7824(5) A, b =9.1730(5) A, ¢ = 11.7096(6) A, a = 67.480(1)°, p = 71.860(1)°, y = 62.170(1)°, V =
760.40(7) A%, Z = 1, p = 1.041 Mg/m?, p(Cu-K,) = 1.380 mm, F(000) = 264, 26mx = 144.8°, 10118
reflections, of which 2971 were independent (Rin = 0.022), 145 parameters, R = 0.037 (for 2923 1 > 25(1)),
WR; = 0.096 (all data), S = 1.05, largest diff. peak / hole = 0.680 / -0.278 e A=,

5: colourless crystals, CaoHssaP2, M, = 476.67, crystal size 0.32 x 0.24 x 0.08 mm, monoclinic, space group
P2i/c (No. 14), a = 10.9318(4) A, b = 15.8584(6) A, ¢ = 18.2963(6) A, S = 106.689(1)°, V = 3038.26(19) A3,
Z=4,p=1.042 Mg/m?3, u(Cu-K,) = 1.381 mm, F(000) = 1056, 2max = 144.8°, 27605 reflections, of which
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5998 were independent (Rin: = 0.033), 289 parameters, R1 = 0.046 (for 5248 1> 26(I)), wR2 = 0.125 (all data),
S =1.03, largest diff. peak / hole = 0.717 / -0.401 e A3,

11: red crystals, C3sHCIO2P,Rh, M, = 666.97, crystal size 0.18 x 0.16 x 0.02 mm, monoclinic, space group
P2:/c (No. 14), a = 16.1816(8) A, b = 9.2884(5) A, ¢ = 21.1281(11) A, #=90.671(2)°, V = 3175.4(3) A%, Z =
4, p = 1.395 Mg/m=3, u(Mo-K,) = 0.748 mm?, F(000) = 1384, 26« = 55.2°, 140965 reflections, of which
7133 were independent (Rin: = 0.050), 353 parameters, R1 = 0.026 (for 6558 1> 26(I)), wR2 = 0.055 (all data),
S =1.07, largest diff. peak / hole = 1.089 / -0.722 e A3,

X-ray crystal structure determination of 7:

C16H27OP, Fw = 266.34, colourless block, 0.69 x 0.33 x 0.12 mm?, triclinic, P1 (no. 2), a=6.3520(4), b =

7.4810(7), ¢ = 17.3581(17) A, o = 88.224(4), B = 80.459(3), y = 80.894(2) °, V = 803.17(12) A%, Z = 2, Dy =
1.101 g/cm?®, p = 0.16 mm™. 27069 Reflections were measured on a Bruker Kappa ApexI| diffractometer
with sealed tube and Triumph monochromator (A = 0.71073 A) at a temperature of 150(2) K up to a
resolution of (sin 6/A)max = 0.65 AL, The crystal appeared to be twinned. The twin lattice has a pseudo-
monoclinic C-centered unit cell with twice the volume of the triclinic P-cell and a twin obliquity!? of 1.04 °.
The twin operation is a twofold rotation about hkl=(0,0,1) of the triclinic cell. Consequently two orientation
matrices were used for the integration with the Eval15 software®® and the reflection data were stored in the
HKLF5 format.* A multiscan absorption correction and scaling was performed with TWINABS®
(correction range 0.63-0.75). 3706 Reflections were unique (Rix = 0.042), of which 3456 were observed
[1>25(1)]. The structure was solved with Patterson superposition methods using SHELXT.!® Least-squares
refinement was performed with SHELXL-2014" against F? of all reflections. Non-hydrogen atoms were
refined freely with anisotropic displacement parameters. Hydrogen atoms were located in difference Fourier
maps and refined with a riding model. 173 Parameters were refined with no restraints. RL/wR2 [l > 2o(1)]:
0.0312/0.0839. R1/wR2 [all refl.]: 0.0338 / 0.0851. S = 1.053. Twin fraction BASF = 0.4102(11). Residual
electron density between -0.14 and 0.34 e/A3. Geometry calculations and checking for higher symmetry was
performed with the PLATON program.*’

X-ray crystal structure determination of 8:

Ca1Hs40P,, Fw = 504.68, pale yellow plate, 0.30 x 0.26 x 0.06 mm?®, triclinic, P1 (no. 2), a=9.3248(5), b

= 11.6926(5), ¢ = 15.4381(8) A, o = 87.592(2), B = 78.702(2), y = 73.485(2) °, V = 1582.34(14) A%, Z = 2,
Dx = 1.059 g/cm® u = 0.16 mm?. 35987 Reflections were measured on a Bruker Kappa Apexll
diffractometer with sealed tube and Triumph monochromator (A = 0.71073 A) at a temperature of 150(2) K
up to a resolution of (sin 6/A)max = 0.65 AL, The Evall5 software'® was used for the intensity integration. A
numerical absorption correction and scaling was performed with SADABS?®® (correction range 0.89-1.00).
7269 Reflections were unique (Rix = 0.049), of which 5274 were observed [I1>2c(1)]. The structure was

solved with Patterson superposition methods using SHELXT.® Least-squares refinement was performed
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with SHELXL-2016 against F? of all reflections. Non-hydrogen atoms were refined freely with anisotropic
displacement parameters. Hydrogen atoms were located in difference Fourier maps and refined with a riding
model. 325 Parameters were refined with no restraints. R1/wR2 [l > 25(1)]: 0.0442 / 0.1030. R1/wR2 [all
refl.]: 0.0713 / 0.1139. S = 1.033. Residual electron density between -0.27 and 0.43 e/A3. Geometry
calculations and checking for higher symmetry was performed with the PLATON program.*’

X-ray crystal structure determination of 13:

Cs2Hs402P2, Fw = 532.69, colourless plate, 0.45 x 0.31 x 0.08 mm?, monoclinic, P2:/c (no. 14), a =
14.8904(8), b = 10.0972(10), ¢ = 20.4937(14) A, B = 91.107(6) °, V = 3080.7(4) A3, Z = 4, Dx = 1.149 g/cm?®,
u = 0.17 mm, 54009 Reflections were measured on a Bruker Kappa Apexl| diffractometer with sealed tube
and Triumph monochromator (A = 0.71073 A) at a temperature of 100(2) K up to a resolution of (sin 6/A)max
=0.61 AL, The crystal appeared to be broken in two fragments. Consequently two orientation matrices were
used for the integration with the Evall5 software®® and the reflection data were stored in the HKLF5
format.** A multiscan absorption correction and scaling was performed with TWINABS® (correction range
0.44-0.75). 5758 Reflections were unique (Rinx = 0.067), of which 4283 were observed [I>2c(1)]. The
structure was solved with Patterson superposition methods using SHELXT.® Least-squares refinement was
performed with SHELXL-2017* against F? of all reflections. Non-hydrogen atoms were refined freely with
anisotropic displacement parameters. Hydrogen atoms were introduced in calculated positions and refined
with a riding model. 344 Parameters were refined with no restraints. R1/wR2 [l > 2o(1)]: 0.0533 / 0.1345.
R1/wR2 [all refl.]: 0.0800 / 0.1506. S = 1.033. Batch scale factor BASF = 0.417(3). Residual electron
density between -0.34 and 0.68 e/A%. Geometry calculations and checking for higher symmetry was
performed with the PLATON program.*’
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4. NMR spectra

o ™
™~ 0
- - Current Data Parameters
= ~ NAME TK256-13C
EXPNC 1
PROCNO 1
F2 — Acquisition Parameters
Date_ 20160927
Time 17.39
TINSTRUM spect
PROBHD 5 mm PARRO BB/
PULFROG zg30
D 65536
SOLVENT CpCcl3
NS 16
DS 2
SWH 8278.,146 Hz
FIDRES 0.126314 Hz
AQ 3.9583745 sec
RG 90.5
DWW 60.400 usec
DE 6.00 usec
TE 297.2 K
Dl 1.00000000 sec
TDO 1
CHANNEL fl ========
1H
13.00 usec
PL1 3.00 dB
SFOl1 400.1324710 MHz
Fz Processing parameters
SI 32768
SF 400,1300091 MHz
WDW EM
SSB 9]
B 0.30 Hz
| GB o
) o PC 1.00
T T T T T
9 8 7 4 3 2 ppm
L=
<
&
Figure S14. 'H NMR spectrum of 1 measured in CDCl; at RT.
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2 cRER 2 3 HAME TKZ256-13C
EXPNO 3
‘ \V | PROCHO 1
F2 - Acquisition Parameters
Date 20160927
Time 23.30
INSTRUM spect
PROBHD 5 mm PARBO BB/
PULPROG zgig30
1D 65536
SOLVENT CDCl3
Hg 3072
Ds 4
SWH 23980.814 Hz
FIDRES 0.365918 Hz
A 1.3664256 sec
RG 9195.2
DW 20.850 usec
DE 6.00 usec
TE 297.2 K
D1 2.00000000 sec
411 0.03000000 sec
TDO 1
== == CHANNEL f1 =
NUC1 13C
Pl 8.80 usec
PL1 -1.00 dB
SFOl 100.6228298 MHz
CPDPRG[ 2 waltzlé
NUC2 18
PCPD2 80.00 usec
PLZ 3.00 dB
PL12 18.00 dB
SFOZ 400.1316005 MHz
F2 Processing parameters
ST 32768
SF 100.6127568 MHz
WDW EM
SEB 0
LB 1.00 Hz
GB 0
PC 1.40
T T T T T T T T T T T
200 180 160 140 120 100 80 60 40 20 0 ppm

Figure S15. 3C{*H} NMR spectrum of 1 measured in CDCl; at RT.
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Figure S16. 'B{*H} NMR spectrum of 1 measured in CDCl; at RT.
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Figure S17. ®*F{*H} NMR spectrum of 1 measured in CDCl; at RT.
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Current Data Parameters

NAME TK256
EXPNO 2
PROCNO 1

F2z - Acquisiticon Parameters

Date_ 201608227
Time 10.55
INSTRUM spect
PROBHD 5 mm PABRO BB/
PULPROG zgpg

TD 16384
SOLVENT CDCL3

NS 33

Ds 0

SWH 25641.025 Hz
FIDRES 1.565004 Hz
AQ 0.3194880 sec
RG 512

DW 19.500 usec
DE .00 usec
TE 297.2 K
D1 3.00000000 sec
dll 0.03000000 sec
DELTA 2.80000010 sec
TDO 1

CHANNEL £1

NI 11B

Pl 8.90 usec
PL1 -1.00 dB
SFOL 128.3776050 MHz

======== CHANNEL f2 =

CPDPRG[2 waltzlé
NUC2 1H
PCPD2 80.00 usec
PLZ 3.00 dB
PL1Z 18.00 dB
PL13 18.00 dB
SFO2 400.1304001 MH=z
F2 Processing parameters
S5I 32768

SF 128.3776050 MHz
WDW EM

SSB Q0

LB 3.00 Hz
GB o]

pC 4,00

Current Data Parameters

NAME TK256
EXPNC 3
PROCNO 1
F2 - Accuisiticn Parameters
Date_ 20160927
Time 11.09
INSTRUM spect
PROBHD 5 mm QNP 1H/1
PULPROG zgfhiggn
TD 131072
SOLVENT CDCl3
NS 16
D& 4
SWH 56427.,176 Hz
FIDRES 0.43103% Hz
AD 1.1599872 sec
RG 8192
DW 8.850
DE 6.00
TE 292.2
D1 1.00000000 sec
di1i 0.03000000 sec
dilz 0.00002000 sec
TDO 1
CHANNEL f1 =
19F
8.00 usec
-3.00 dB

235.3338140 MHz

CHANNEL f2 =
waltzlé

1H

g0.00 >

-3.00 dB

20.00 4B
250.1310005 MHz

FZ2 - Processing parameters
5T 65536

5F 235.3573500 MHz
WDW EM
SSB 0

LB 0.30 Hz
GB 0

BC 1.20
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—1.26
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Current Data Parameters

~— NAME TK275
EXFNO 10
PROCNO 1
F2 Acquisition Parameters
Date_ 20161215
Time 14.11
INSTRUM av_300
FPROBHD 5 mm PFABBO BB-
PULPROG zg30
D 32450
SOLVENT CcpCcl3
NS 23
DS o]
SWH 6002.615 Hz
FIDRES 0.185196 Hz
AQ 2.6938401 sec
RG 228
DW 83.200 usec
DE 6.50 usec
TE 285.1 K
D1 1.00000000 sec
TDO 1
======== CHANNEL f1 ========
SFO1 300.,1021007 MHz
NUC1 1H
Pl 16.50 usec
PLW1 6.50000000 W
F2 - Processing parameters
SI 65536
‘ SF 300.1000070 MHz
WDW EM
SSB 8]
LB 0.30 Hz
GB 0
PC 1.00
J JUL
[ T T T T T T T T 1
9 8 7 6 5 4 3 1 ppm
58
allz
Figure S18. *H NMR spectrum of 3 measured in CDCls at RT.
3
- Current Data Parameters
o NAME TEZ69
EXENO 11
| PROCHNC 1
F2 - Acquisition Parameters
Date_ 20161013
Time 9,50
INSTRUM spect
PROBHD 5 mm PABBC BB/
PULFROG zgpg30
TD 65536
SOLVENT CDCL3
s 186
DS 4
SWH 75187.969 Hz
FIDRES 1.147277 Hz
ile) 0.4358144 zec
RG 14596.5
DW 6.650 usec
DE 6.00 usec
TE 292.0 K
D1 2,00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
======== CHANNEL f]l ========
NUC1 31P
Pl 6.25 usec
PL1 -1.00 dB
SFol 161.9674942 MHz
======== CHANNEL f2 ========
CPDPRG[2 waltzle
NUCZ 10
PCPDZ 80.00 usec
PLZ 3,00 dB
PL1Z 18.00 dB
PL13 18.00 dB
SFOZ 400.1316005 MHz
F2 - Processing parameters
SI 32768
SF 161.9755930 MHz
WDW EM
SSB 0
LB 1.00 Hz
" - " GB 0
iy T PC 1.40
T T T T T T T T T
150 100 50 0 -50 -100 -150 -200 ppm

Figure S19. 3'P{*H} NMR spectrum of 3 measured in CDCl; at RT.
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Figure S21. 'H NMR spectrum of 4 measured in CD.Cl; at RT.
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Figure S20. 8C{*H} NMR spectrum of 3 measured in THF-dg at RT.
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Current Data Parameters

NAME TK269-13C
EXPNO 2
PROCNO 1

F2 - Acquisition Parameters
Date_ 20161013
Time 22.35
INSTRUM spect
PROBHD 5 mm PABBO BB/
PULPROG zgig30

TD 65536
SOLVENT THF

NS 6144

DS 4

SWH 30120.482 Hz
FIDRES 0.459602 Hz
AQ 1.0878977 sec
RG 9195.2

DW 16.600 usec
DE 6.00 usec
TE 293.0 K
Dl 2.00000000 sec
dll 0.03000000 sec
TDO 1

=== CHANNEL f1l ========
13C
8.80 usec
1.00 dB
100,6228298 MHz
== === CHANNEL f2 ==
CEDPRG[2Z waltzlg
NUCz 1H
PCED2 80.00 usec
PLZ 3.00 4B
PL1Z 12.00 dB
SFO2 400.1316005 MHz
FZ - Processing parameters
s8I 32768
SF 100.8125013 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
PC 1.40

Current Data Parameters

NAME TEZE88
EXENO 1
PROCHND 1
FZz - Acquisition Parameters
Date_ 20170208
Time 14.35
INSTRUM av_300
PROBHD 5 mm FARBO BB-
PULPROG zg30
TD 32450
SOLVENT cpzclz
HS 25
DS 0
SWH 6009.615 Hz
FIDRES 0.185196 Hz
AQ 2.6998401 sec
RG 114
DW 83.200 usec
DE 6.50 usec
TE 295.1 K
D1 1.00000000 sec
TDO 1
CHANNEL fl ========
300.1021007 MHz
1H
16.50 usec
6.50000000 W
F2 - Processing parameters
sSI 65536
SF 300.1000118 MHz
WDW EM
SSB 0
LB Q.30 Hz
GB [#]
PC 1.00



2 wen  waocow
© T nE e Current Data Parameters
o e R R R NAME TK252-13C
W \V \V EXPNO 3
PROCNO 1
F2 - Acgquisition Parameters
Date_ 20160923
Time 2.50
INSTRUM spect
PROBHD 5 mm BARBO BB/
PULPROG zgig30
TD 65536
SOLVENT THE
NS 5120
DS 4
SWH 30120.482 Hz
FIDRES 0.459602 Hz
AQ 1.0878877 sec
RG 2896.3
D 16,600 usec
DE 6.00 usec
TE 297.2 K
D1 2.00000000 sec
dll 0.03000000 sec
oo TDO 1
s
Wmm === CHANNEL f1 ==
‘ \} NOUC1 13C
Pl 8.80 usec
e Tdg FL1 -1.00 dB
M 1 . -
Too sa SFOl 100.6228298 MHz
\l/ \|/ CHANNEL f£2 ==
waltzl6
1H
80.00 usec
3.00 dB
18.00 4B
' 400.1316005 MHz
F2 - Processing parameters
ST 32768
J SF 100.6124844 MHz
J JL,_, WDW EM
SSB o]
l L.—- LB 1.00 Hz
GB 0
FC 1.40

T T T T \ T T T T T \ T T \ T T T \
170 160 150 140 130 120 110 100 S0 80 70 60 50 40 30 20 ppm

Figure S22. 3C{*H} NMR spectrum of 4 measured in THF-dg at RT.
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0 Current Data Parameters
@ NAME TK252-13C
| EXPNO 6
PROCNO 1
F2 - Acquisition Parameters
Date_ 20160923
Time 4.29
INSTRUM spect
PRCBHD 5 mm PABBO BR/
PULPROG zgpyg30
D 65536
SOLVENT THE
Ns 132
DS 4
SWH 64935.066 Hz
FIDRES 0.990830 Hz
A 0.5046272 sec
RG 8192
DW 7.700 usec
DE 6.00 usec
TE 287.2 K
D1 2.00000000 sec
dll 0.03000000 sec
DELTA 1.89999998 sec
TDO 1
== CHANNEL fl ==
31P
6.25 usec
-1.00 dB
162.0484820 MHz
CPDPRG[2
Nucz
PCPD2 80.00 usec
PL2 3.00 dB
PL1Z 18.00 dB
PL13 18.00 dB
SFO2 400.1316005 MHz
F2 - Processing parameters
51 65536
SF 161.9755930 MHz
WDW EM
88B o
LB 1.00 Hz
GB 0
T T T I T T T T 1 peo 1.40
600 550 500 450 400 350 300 ppm

Figure S23. 31P{*H} NMR spectrum of 4 measured in THF-dg at RT.
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Figure S25. 'H NMR spectrum of 5 measured i

n CDClsz at RT.
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Figure S24. 3P{*H} NMR spectrum of 5 measured in THF-ds at RT.
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Current Data Parameters

NAME
EXPNO
PROCNC

Fz
Date_
Time
INSTRUM
PROBHD
PULFROG
TD
SOLVENT
Hs

DS

SWH
FIDRES
AQ

RG

DWW

CPDPRG[2

NUC2
PCPDZ
PLZ
PL12
PL13
SFO2

TEZ6l-12C
7
1

— BAcguisiticn Parameters

20161005
2.37
spect
5 mm PABBC BB/
zgpg30
65536
THE
64
4
64935.066 Hz
0.990830 Hz
0.5046272 sec
4597.86
7.700 usec
6.00 usec
293.0 K
2.00000000 sec
0.03000000 sec
1.89999998 sec
1

31P
6.25 usec
-1.,00 dB
161.9674%42 MHz

CHANNEL f1

CHANNEL £f2
waltzlé
1H
80.00 usec
2.00 dB
18.00 dB
18.00 dB
400.1316005 MHz

F2 - Processing parameters

ST
SE
WDW
SEB
LB
GB
BC

65536
161.9755930 MHz
EM
1.00 Hz

1.40

Current Data Parameters

NAME
EXPNO
PROCNO

TK291 - 13¢C
10
1

F2 - Acquisition Parameters

Date_
Time
INSTRUM
PROBHD
PULPROG
TD
SOLVENT
NS

D3

SWH
FIDRES3
AQ

RG

DW

20170314
18.19
av_400
5 mm PABEO BB-
zg30
65536
cDCls3
16
2
8278.1486
0.126314
3.8583745
28.5
€0.400 usec
6.50 usec

296.2 K
1.00000000
1

Hz
Hz
sec

sec

9.17060566 W

400.1324710 MHz

F2 - Processing parameters

ST
SF
WDW
S5B
LE
GB
PC

32768
400,1300095 MHz
EM
0.30 Hz

1.00
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ool el o o BRBEAROFCwWASnT wE @ Current Data Parameters
2553 a AR ARRRRATIIRRASHRAR NAME TK261-13C
EXPNO 2
\v/ \“\NW PROCNO 1
F2 - Acquisition Parameters
Date_ 20161004
Time 18.42
INSTRUM spect
PRCBHD 5 mm PABBO BB/
PULPROG zgig30
28 8 gnee SEREE RS e st
. [ P SOLVENT THE
R& b RARR A0 HEHARA NS 6144
" N AW o ‘*
SWH 30120.482 Hz
FIDRES 0.459602 Hz
AQ 1.0878977 sec
RG 2580.3
DW 16.600 usec
DE 6.00 usec
TE 293.0 K
D1 2.00000000 sec
dil 0.03000000 sec
TDO 1
======== CHANNEL fl ========
NOUC1 13cC
Pl 8.80 usec
PL1 -1.00 dB
SFO1 100.6228298 MHz
======== CHANNEL f2 ========
CEDPRG[2 waltzlé
NUCZ 1H
PCPD2 80,00 usec
PL2 3.00 dB
PL1Z 18.00 dB
SFO2 400.1316005 MHz
F2 - Processing paramsters
51 32768
SF 100.6125011 MH=z
WDW EM
S55B 0
LB 1.00 Hz
GB Q
1 ) I, Il I \ . PC 1.40
T I I T T I T T T
180 160 140 120 100 80 60 40 20 ppm
Figure S26. 3C{*H} NMR spectrum of 5 measured in THF-dg at RT.
O Moy O D
q: q:‘ (\3 '__' Cz Cz Current Data Parameters
o NAME TK353
EXPNO 12
'\\,\J% PROCNO 1
F2 - Acquisition Parameters
oo™ ol == Ao Date_ 20170727
s ol — o o Time 15.41 h
B B M M vt INSTRUM spect
I h P PROBED  7810701_0135 (
| ‘ | | | ‘ PULPROG zg30
TD 60000
SOLVENT THE
NS 16
Ds 0
SWH 10000.000 Hz
FIDRES 0.333333 Hz
o] 3.0000000 sec
RG 9.01442
DW 50.000 usec
DE 6.50 usec
} TE 193.0 K
D1 1.00000000 sec
TDO 1
SFO1 499.9130869 MHz
NUC1 1H
\ Pl 8.50 usec
/ PLW1 9.01980019% W
_J ~ \J k F2 - Processing parameters
sI 655386
SF 499.9100215 MHz
T T T T T T WDW EM
15 1.4 1.3 1.2 1.1 ppm seB 0
LB 0 Hz
GB Q
W e :
=) @ @ o ol lo

L. DV

1 ppm

2
SERREE
i

Figure S27. *H NMR spectrum of 5 measured in THF-dg at —80 °C.
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TEReT G G SRURIARCAISHERRRET Current Dat .
Sal e e o~ H M 1’ ata Parameters
2582318 a5 09 T ARRURLRRRESRLNARARG NAME TK353
EXPHO 11
N2 AP 1
F2 - Rcguisitien Parameters
Date_ 20170727
Time 15.40 h
INSTRUM spect
PROBHD  2810701_0135 (
bER geae ¥82ges prERes .
Rt R TR I m 85238
R DARm SHARRA SOLVENT THE
NS 674
\/ | VI :
SWH 30120.482 Hz
FIDRES 0.319204 Hz
AQ 1.0878977 sec
RG 101
DW 16.600 usec
DE 6.50 usec
T8 193.2 K
Dl 2.00000000 sec
D1l 0.03000000 sec
D0 1
SFOL 125,7150397 MHz
NuCl 13c
Pl 15.00 usec
PLW1 81.22100067 W
SFO2 499,9119996 MHz
Nucz 15
CPDPRG[2 waltzlé
I PCPD2 80,00 usec
‘ PLWZ 9.01880018 W
_Jwﬂ_, U PLW1Z 0.10183000 W
PLW13 0.05121800 W
F2 - Processing parameters
Els 32768
SF 125,7023866 MHz
WDW EM
358 0
LE 1.00 Hz
B 0
L.—J—-—-—"‘ PC 1.40

T T T T \ T T T T T T \ \ T T T T !
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S28. 3C{*H} NMR spectrum of 5 measured in THF-dg at —-80 °C.
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- Current Data Parameters
b1 NAME TK327
! EXPNO 6
| PROCNO 1
F2 - Acquisition Parameters
Date_ 20170522
Time 10.43
INSTRUM av_300
PROBHD 5 mm PABBO BB-
PULPROG zgpg30
TD 65536
SOLVENT CcDCl3
NS 32
DS o]
SWH 49019.609 Hz
FIDRES 0.747980 Hz
AQ 0.6684672 sec
RG 2050
DW 10.200 usec
DE £.50 usec
TE 297.1 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
= CHANNEL f1 =
121.4462619 MHz
31p
10.80 usec
14.00000000 W
CHANNEL f2
300.1012004 MHz
1H
waltzlé
90.00 usec
6.50000000 W
0.21847001 W
PLW13 0.17696001 W
FZ - Processing parameters
s8I 32768
SF 121.4827067 MHz
WDW EM
SSB 0
LB 1.00 Hz
GB 0
BC 1.40
T T T T T T T T |
-150 -200 -250 -300 -350 -400 -450 ppm

Figure S29. 3'P{*H} NMR spectrum of 7 measured in CDCl; at RT.
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Figure S31. 3C{*H} NMR spectrum of 7 measured in CDCl; at RT.
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Figure S30. *H NMR spectrum of 7 measured in CDCl; at RT.
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Current Data Parameters

NAME TK327
EXPNO 4
PROCNO 1

F2 - Acquisition Parameters
Date_ 20170522
Time 10.386
INSTRUM av_300
FPRCBHD 5 mm FABBC BB-
PULPROG zg30

TD 32450
SOLVENT CDC13

NS 17

DS 0

SWH 6009,615 Hz
FIDRES 0.18519%6 Hz
AQ 2.6998401 sec
RG 203

DW 83.200 usec
DE 6.50 usec
TE 29%6.1 K
D1 1.00000000 sec
TDO 1

== CHANNEL fl ========
300.1021007 MHz
1H
16.50 usec
6.50000000 W

F2 - Processing parameters

51 65536

SE 300.1000074 MHz
WD EM

SSB 0

LB 0.30 Hz
GB 0

PC 1.00

Current Data Parameters

NAME TK263-11
EXENO 2
PROCNC 1

F2 - Acguisiticn Parameters
Date_ 20161007

Time 5.18
INSTRUM spect
PROBHD 5 mm FABBC BB/
PULPROG zgig30

D 65536
SOLVENT cDCl3

NS 4096

DS 4

SWH 30120.482 Hz
FIDRES 0.459602 Hz
AQ 1.0878977 sec
RG 2896.3

DW 16.600 usec
DE 6,00 usec
TE 293.0 K
D1 2.00000000 sec
dll 0.03000000 sec
TDO 1
======== CHANNEL f1 ==

NUC1 13c¢

Pl 8.80 usec
PLL -1.00 dB
SFO1 100.6228298 MHz

NUCz 1H
PCPD2 80.00 usec
PLZ2 3.00 dB
PL12 18.00 dB
SFO2 400.1316005 MHz

FZ2 - Processing parameters

SI 32768

S 100.8127557 MHz
WDW EM
SEB 0

LB 1.00 Hz
GB 0

PC 1.40



0.99

1.34
1.31
1.31
1.26

/
\

1.26

1.16
0.99

15 14 13 12 11 10 ppm
gr| |2 8 8
oo E o (]
v
T T T T T T T T 1
9 8 7 6 5 4 3 1 ppm
8[F|28|8
oo ;'Ei oo
Figure S32. 'H NMR spectrum of 8 measured in CD.Cl; at RT.
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Figure S33. 3P{*H} NMR spectrum of 8 measured in CD,Cl; at RT.
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Current Data Parameters

NAME TK318 - 1H_31P
EXPNC 10
PROCHO 1

F2 - Rcguisition Parameters
Date_ 20170427
Time 15.04
INSTRUM av_400
PROBHD 5 mm PABBC BE-
PULPROG zg30

TD 65536
SOLVENT cpacla

NS 16

Ds 2

SWH 8278.146 Hz
FIDRES 0.126314 Hz
AG 3.9583745 sec
RG 71.8

DW €60.400 usec
DE 6,50 usec
TE 295.2 K
Dl 1.00000000 sec
TDO 1

CHANNEL f1

13.00
PL1 -1.00
PL1W 9.17060566 W
SEOL 400.1324710 MHz
F2 - Processing parameters
51 32768
SF 400.1300151 MHz
WOW EM
S55B o
LB 0.30 Hz
GB o
PC 1,00

Current Data Parameters

HAME TE318 - 1H_31p
EXPNO 1z
PROCNO 1

F2z - RAcquisition Parameters
Date_ 20170427
Time 15,20
INSTRUM av_400
PROBHD 5 mm PABBO BB-—
PULPROG zgpg30

D 65536
SOLVENT cp2clz

Hs 256

DS 4

SWH 64935.066 Hz
FIDRES 0.9%0830 Hz
Xe] 0.5046272 sec
RG 14596.5

DW 7.700 usec
DE 6.50 usec
TE 296.68 K
D1 2.00000000 sec
D11 0.03000000 sec
TDOD 1

PL1W 11.44458866 W
SFCL 161.9836918 MHz
CHANNEL f2

CPDPRG[2 waltzlé
NUC2 1H
PCPDZ 80.00 usec
PLZ -3.00 dB
FL12 13.48 dB
PL13 20.00 dB
PL2W 14.53442955 W
PL12W 0.32688731 W
PL13W 0.07284471 W
SFoZ 400.1316005 MHz
F2 - Processing parameters
sI 32768
SF 161.9755930 MHz
WowW EM
SEB o
LB 1.00 Hz
GB 0

1.40
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- o WM S@aa CHONTNS O DAN MO ATO SN0

[ - .o 3 Poror o HEYTooeonTaTmAdaTs00hd Current Data Parameters
Adoo e @@ wo oo

o oo o - < s ooy WYY RYnDODNTI TN AH0C NAME TK318 - 13C
el el el ol — P oo e e e R R e R R R R R R R SRR RN

EXPNO 13
\%\.NW PROCHO 1

F2 - Acquisition Parameters

<
<
<

Date_ 20170428
Time 5.46
INSTRUM av_400
PROBHD 5 mm PABBC BB-
PULPROG zgpg30
TD 65536
SOLVENT cpzacl2
N5 9216
- ol @O W w0 0 m o) @ O o m (= s =R ) bs 1
@ @ own w o = m @ o T T ~ e (=R N ) SWH 32256.064 Hz
S g Seny W - o dd 44 Jdoccooo FIDRES 0.492219 Hz
vy very o7 vy vrory Ty Ceeryyy jle] 1.0158080 sec
VoW T VoL N .
DW 15,500 usec
DE 6.50 usec
TE 296.8 K
D1 2.00000000 sec
D11 0.03000000 sec
TDO 1
———————— CHANNEL 1 ========
HUCL 13cC
Pl 9.00 usec
PL1 -1.25 dB
PL1IW 49.57488632 W
SFO1 100.6278610 MHz
= == CHANNEL £2 = -
CPDPRG[2 waltzl6
Hucz 1H
PCPD2 80.00 usec
e MM’ foo PL2 -3.00 4B
PL12 13.48 dB
PL13 20.00 dB
PL2W 14.53442955 W
PL12W 0.32688731 W
PL13W 0.07284471 W
SFQ2 400,1316005 MHz
F2 - Processlng parameters
5T 32768
SF 100.6127288 MHz
WDW EM
I S8B 0
|| _J l LB 1.00 Hz
GB 0
PC 1.40
T " T T " T T T T T i T T T T T T 1
240 220 200 180 160 140 120 100 80 60 40 20 ppm

Figure S34. 3C{*H} NMR spectrum of 8 measured in CD,Cl; at RT.
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LaemmmnnEmE s EEEanan TN Current Data Parameters

[~ [~ [~ [~ [~ [~ [~ 0~ 0~ 0~ 00~ 00~ — [=] NAME TK317
EXPNO 2

\ v | PROCNO 1
FZ - Acquisition Parameters
Date_ 20170501
Time 11.00
INSTRUM av_400
PROBHD 5 mm PABBOC BB-
PULPROG zg30
TD 32768
SOLVENT CcD2Cc12
NS 16
DS 0
SWH 8012.820 Hz
FIDRES 0.244532 Hz
te] 2.0447233 sec
RG 362
DwW 62.400 usec
DE 6.00 usec
TE 296.4 K
Dl 1.00000000 sec
TDO 1
NUC1
Pl 13.00 usec
PL1 -1.00 dB
PL1W 9.17060568 W
SFOL 400.1324710 MHz
F2 - Processing parameters
ST 32768
SF 400,1300151 MHz
WDW EM
SSB 0
LB 0.30 Hz
GB o]
PC 1.00
J e ided |

T T
9 8 7 6 5 4 3 2 1 ppm

s

Figure S35. 'H NMR spectrum of 11 measured in CD.Cl; at RT.
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Current Data Parameters

Hz
Hz
sec

usec
usec
K
sec
sec

usec

NAME TK317

PR, EXPNO 1

meas PROCNC 1

RIS

I F2 - Acquisition Parameters

\’ ” Date_ 20170501

Time 10.58

INSTRUM av_400

PROEHD 5 mm PAEBO BB-

PULPRCG zgpg30

TD 1298862

SOLVENT CcDC13

NS 12

D5 1]

SWH 64235.066

FIDRES 0,500031

jte) 0.9992374

RG 20642.5

DwW 7700

DE 6.00

TE 296.5

Dl 2.00000000

D11 0.03000000

TDO 1

CHANNEL fl ==

V 31p

| 8.40

-1.00

‘ PL1W

CHANNEL {2 ==

32.25523378
161.92755930

dB
w
MHz

A I . ‘i waltzl
Al L ﬂ U AT » " NUC2 18
iy el WI‘U\P'V‘J s AV PCPD2 80,00 usec
PL2 -3.00 dB
PL12 13.48 4B
PL1Z 20.00 dB
PL2W 14.53442955 W
PL12W 0.,32688731 W
PL13W 0.07284471 W
SFO2 400,1320007 MHz
F2Z - Processing parameters
51 32768
SF 161.275%2142 MHz
T T T T T T T WDw EM
SEB 0
150 100 50 0 50 100 150 ppm 2 T
GB 0
o =]
o g PC 1.40
- -

Figure S36. 3P{*H} NMR spectrum of 11 measured in CD,Cl, at RT (* — triphenylphosphine).
= NMETOAABE O NO® N o
o gnA@gedehhngoogsatygnn SRETRIYHALER . .
o sHdocasaBBoooaan YT GRggassnng 2% Current Data Parameters
3 i B R i S i e e pa RS - =g A mAR AR mn NG NAME TK293-13c-500MHz
EXPNO 3
F2 - Acquisition Parameters
Date_ 20170314
Time 11.19
INSTRUM drx_500
PROBHD 5 mm PABBI 1H/
PULPROG jmod
TD 65536
J“ SOLVENT cp2clz
d ! ) NS 3072
e | DS P
SWH 30030.029 Hz
FIDRES 0.458222 Hz
BAQ 1.0911744 sec
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CHET2 145.0000000
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TDO 1
======== CHANNEL fl ========
NUC1 13c
P1 12.50 usec
p2 27,00 usec
PL1 -4.00 dB
SFO1 125.7162960 MHz
======== CHANNEL f2 ========
CPDERG [2 waltzlé
NUC2 18
PCPDZ 80.00 usec
PLZ 0 dB
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F2 - Processing parameters
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Figure S37. BC{*H} APT NMR spectrum of 11 measured in CD,Cl, at RT.
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Figure S38. *H NMR spectrum of 13 measured in CDCl; at RT.
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TE 298.9 K
Dl 2.00000000 sec
D11 0.03000000 sec
TDO 1
HANNEL f1
14.00 usec
3.50 4B
11.44458866 W
161.9674942 MHz
= CHRNNEL f2 =
CPDPRG[2 waltzlé
Nucz 1H
PCPD2 80,00 usec
PL2 -3.00 dB
PL1Z 13.48 4B
PL13 20.00 dB
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PL13W 0.07284471 W
SFOZ 400,1316005 MHz
F2 - Processing parameters
sI 32768
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Figure S39. 3P{*H} NMR spectrum of 13 measured in CDCl; at RT
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Figure S40. 3C{*H} NMR spectrum of 13 measured in CDCl; at RT.
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PL1ZW 0.32688731 W
PL13W 0.07284471 W
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F2 - Processing parameters
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WDW EM
SSB 0

LB 1.00 Hz
GB 0
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