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1) Experimental Details and Characterization Data

Unless otherwise noted, all reactions were conducted under slightly positive dry nitrogen pressure
using standard Schlenk line techniques or under an argon atmosphere in a Vigor (SG 1200/750TS-F)
glovebox. The oxygen and moisture concentrations in the glovebox atmosphere were monitored by an
02/H,O Combi-Analyzer to ensure both were always below 1 ppm. Unless otherwise noted, all starting
materials were commercially available and were used without further purification. Solvents were purified
by an Mbraun SPS-800 Solvent Purification System and dried over fresh Na chips in a glovebox.
Organometallic samples for NMR spectroscopic measurements were prepared in a glovebox by the use of
J. Young valve NMR tubes (Wilmad 528-JY). 'H and *C NMR spectra were recorded on a Bruker
ARX400 spectrometer (FT, 400 MHz for *H; 100 MHz for 13C) at ambient temperature, unless otherwise
noted. *H and *3C NMR spectra were reported with reference to solvent resonances of d®-THF at 1.73 ppm
(for *H NMR spectra) and 25.37 ppm (for *C NMR spectra). IR spectra were recorded on a BRUKER
LAPHA 11 spectrometer. UV/visible spectroscopy was performed on samples in sealed 10 mm path length
cuvettes on an Agilent Technologies Cary 60 UV/Vis spectrophotometer. Magnetic susceptibility
measurement was performed using a Quantum Design MPMS-XL7 SQUID magnetometer on
polycrystalline sample.

Note: Because of the high sensitivity of these complexes to air and moisture and also high lability of
coordinated THF molecules, some samples easily decompose or lost weight even in triple layers of tin
boats and thus their elemental analysis data are not well consistent with the calculated values and/or are

not given.

General Procedure for the Synthesis of 2a-c

In the glovebox, SmI>(THF)2 powder (548.4 mg, 1.0 mmol) was dissolved in THF solution (5 mL) in
a 25 mL flask. Then the THF solution (3 mL) of 1,4-dilithio-1,3-butadiene 1 (0.5 mmol) was added
dropwise into the above solution and stirred at room temperature for 3 h. During the addition of THF
solution of 1, the color of reaction mixture changed to yellow-brown gradually. After that, the solvent was
removed under reduced pressure. The residue was washed with toluene for several times, and then was
dried under reduced pressure to give dark brown solids. The single crystals of 2a and 2c suitable for X-
ray analysis could be obtained by volatilization of THF/Et2O/Hexane solution at —20 °C and room

temperature for 2 days, respectively.
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2a: Dark brown solid (581.0 mg, 0.36 mmol, 72% isolated yield). *H
s /<THF>27 L(THR: NMR (400 MHz, d8-THF) § —0.53 (s, 18H, MesSi), 5.16 (d, J = 7.6 Hz, 4H,

N\
Sm
i | \I Ph), 6.11 (t, J = 7.3 Hz, 4H, Ph), 6.51 (d, J = 7.1 Hz, 2H, Ph). **C NMR (100
R \sm/ MHz, d®-THF) § —6.8 (MesSi), 26.4 (B-CHz2, THF), 68.5 (0-CH2, THF), 122.2
/
| (THF),

(Ph), 124.2 (Ph), 127.6 (Ph), 131.8 (Ph), 155.8 (B-C). The a-C atoms are not
observed due to the coupling with two samarium(ll) ions. Anal. Calcd for
Cs4Ho213Li108Si>Sma2: C, 40.19; H, 5.75. Found: C, 40.19; H, 5.82.

2b: Dark brown solid (657.7 mg, 0.44 mmol, 88% isolated yield). *H NMR

|\ (THF), | (Li)*(THF),

o S shl (400 MHz, d8-THF) ¢ —0.25 (s, 18H, MesSi), 2.48 (s, 6H, CHs). *C NMR
Mej‘)ﬁZ\ > (100 MHz, d8-THF) 6 —7.6 (MesSi), 26.4 (B-CHz, THF), 27.6 (CH3), 69.4 (a-
™S I?’“\(THF)Z CHa, THF), 123.3 (8-C). The a-C atoms are not observed due to the coupling

2b with two samarium(I11) ions. Anal. Calcd for C44HgglzLiOgSi>Smy: C, 35.48;

H, 5.95. Found: C, 35.93; H, 5.57.

2c: Dark brown solid (713.9 mg, 0.47 mmol, 94% isolated yield). *H NMR
I (THF), T (Li)*(THF), 8 :
™S N/ (400 MHz, d°-THF) 6 —0.26 (s, 18H, Me3Si), 1.49 (s, 4H, B-CH>), 2.46 (s,

| Q >, 4H, 0-CHy). *C NMR (100 MHz, d8-THF) 6 —7.2 (MesSi), 25.5 (B-CH>),
v I;m\(THF) 26.4 (B-CHz, THF), 39.3 (0-CH?>), 69.3 (a-CH2, THF), 125.5 (B-C). The a-
2 ’ C atoms are not observed due to the coupling with two samarium(l1l) ions.

The elemental analysis data are not well consistent with the calculated values due to the high sensitivity

of these complexes to air and moisture or high lability of coordinated solvents.

Procedure for the Synthesis of 3a

In the glovebox, 2a was prepared in situ and used for further reaction in one-pot without post-
procedure. Smlx(THF)2 powder (274.2 mg, 0.5 mmol) was dissolved in THF solution (5 mL) in a 25 mL
flask. The THF solution (3 mL) of 1,4-dilithio-1,3-butadiene 1a (90.6 mg, 0.25 mmol) was added dropwise
into the above solution and stirred at room temperature for 3 h. Then a THF solution (~5 mL) of
cyclooctatetraene (26.1 mg, 0.25 mmol) was added to the above solution and stirred at room temperature
for 3 h. The formation of alkyne PhC=CTMS could be confirmed by NMR and GC-MS. The solvent THF
was then removed under reduced pressure and the residue was extracted with cooled toluene for three
times, Lil was filtered and the filtrate was removed under reduced pressure to give dark purple solids.

Hexane (~5 mL) was added to the residue. The mixture was stored at -20 °C overnight. Then the yellow

S3



supernatant was removed and the dark purple residue was washed with cold hexane (~5 mL). The residue
was then dried under vacuum. The residue was then extracted with ether for several times, and the volatiles
of the filtrate were removed under reduced pressure to give brown solids. The single crystals suitable for
X-ray analysis could be grown from THF/Et,O/Hexane solution of 3a at —20 °C for 3 days. The residual

solid was dissolved in THF and 0.1 mL DME was added. The mixture was stored at —20 °C overnight and

the single crystals [Sml2(DME)2(THF)] could be grown at —20 °C for 3 days which was confirmed by X-

ray analysis.

3a: Dark red solid, (83.9 mg, 0.065 mmol, 26% isolated yield based on the

o ™S starting material of 2a, the maximum yield is 50%). *H NMR (400 MHz, d®-
jij\ >. THF) 6 —0.53 (s, 18H, MesSi), 7.13-7.20 (m, 6H, Ph), 7.97 (d, J = 6.6 Hz,
™S <S£ 4H, Ph), 9.21 (s, 16H, CsHsg). 3C NMR (100 MHz, d®-THF) 6 3.7 (MesSi),
< 25.3 (B-CH2, THF), 67.4 (a-CH2, THF), 83.1(CsHs), 125.4 (Ph), 127.4 (Ph),

128.5 (Ph), 139.8 (Ph), 167.9 (B-C). The a-C atoms are not observed due to

the coupling with two samarium(lll) ions. The elemental analysis data are not well consistent with the

& | Ly (THF),(ELO)
s

calculated values due to the high sensitivity of this complex to air and moisture or high lability of

coordinated solvents.

Procedure for the Synthesis of 3b’

In the glovebox, a THF solution (5 mL) of cyclooctatetraene (10.4 mg, 0.10 mmol) was added to the
THF solution of 2b (142.5 mg, 0.096 mmol) and the mixture was stirred at room temperature for 3 h. Then
the solvent THF was removed under reduced pressure and the residue was washed with hexane for three
times, and the solid was recrystallized in THF/hexane at —20 °C overnight. The black crystalline solid 3b*

was obtained after removing the mother solution and washing with hexane for 3 times.

3b": Black crystalline solid (67.6 mg, 0.049 mmol, 51% crystal yield). *H NMR

> | Ly (THR), _
™S (400 MHz, d8-THF) 6 —2.13 (s, 18H, MesSi), 2.98 (s, 6H, CHs), 10.96 (s, 8H,
Me n
jiz\ \l CsHs). 3C NMR (100 MHz, d®-THF) 6 —0.5 (MesSi), 25.9 (CHas), 26.4 (B-CH,
S/
R THF), 68.3 (a-CHz, THF), 84.3 (CsHs), 176.3 (B-C). The o-C atoms are not
| THF
3b' observed due to the coupling with two samarium(lll) ions. Anal. Calcd for

CaoH7215Li0sSi2Sm;: C, 34.88; H, 5.27. Found: C, 34.95; H, 5.33.
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Procedure for the Synthesis of 3b

In the glovebox, the black crystalline solid 3b* (142.1 mg, 0.103 mmol) was dissolved in THF solution
(5 mL) in a 25 mL Schlenk tube and removed from the glovebox. The tube was stirred at 80 °C for 12 h.
After the stirring is finished, the solvent THF was removed under reduced pressure and the residue was
washed by hexane for three times to remove the alkyne MeC=CTMS, which was confirmed by NMR and
GC-MS. The residue was then extracted with ether for several times, and the volatiles of the filtrate were
removed under reduced pressure to give brown solids which was recrystallized by the mixture of
EtoO/hexane. The single crystals suitable for X-ray analysis could be grown from Et,O/Hexane solution
at —20 °C for 1 day. The black crystalline solid 3b was obtained after removing the mother liquor and
washing with hexane for 3 times. The residual solid was dissolved in THF and 0.1 mL DME was added.

The mixture was stored at —20 °C overnight and the single crystals [SmI2(DME)2(THF)] could be grown

at —20 °C for 3 days which was confirmed by X-ray analysis.

- 3b: Black solid (66.9 mg, 0.024 mmol, 23% crystal yield based on the
s @T (Li)*(THF),(Et,0),

Me Sm starting material of 3b’, the maximum yield is 50%). *H NMR (400 MHz,
Meﬁ/g\s} d8-THF) ¢ —0.23 (s, 18H, MesSi), 2.47 (s, 6H, CHs), 8.98 (s, 16H, CsHs).
™S @ 13C NMR (100 MHz, d8-THF) 6 2.8 (MesSi), 25.9 (CH3), 82.9 (CsHs), 167.5

3b (B-C). The a-C atoms are not observed due to the coupling with two

samarium(l11) ions. The elemental analysis data are not well consistent with the calculated values due to

the high sensitivity of this complex to air and moisture or high lability of coordinated solvents.

Procedure for the Synthesis of 4b

In the glovebox, complex 2b was prepared in situ and used for further reaction in one-pot without
post-procedure. Smlx(THF)2 powder (219.4 mg, 0.40 mmol) was dissolved in THF solution (5 mL) in a
25 mL flask. Then the THF solution (3 mL) of 1,4-dilithio-1,3-butadiene 1b (47.7 mg, 0.20 mmol) was
added dropwise into the above solution and stirred at room temperature for 3 h. Then a THF solution (~5
mL) of Cp*Li (62.6 mg, 0.44 mmol, Cp* = pentamethylcyclopentadienyl) was added to the above solution
and stirred at room temperature for 12 h. Then the solvent THF was removed under reduced pressure and
the residue was extracted with toluene for three times to remove Lil and then washed with hexane for
three times. The residue was then dried under vacuum to give yield solid. The single crystals suitable for

X-ray analysis could be grown from THF/Hexane solution of 4b at room temperature overnight.
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4b: Yellow solid (226.6 mg, 0.175 mmol, 88% yield). *H NMR (400 MHz, d&-
THF) ¢ —3.40 (s, 18H, MesSi), —1.34 (s, 6H, CHs), 2.57 (30H, MesCs). 3C

* “(Li)*(THF
™S Cps\ /THF—l (Li)*( )a
m

Me
y | \ NMR (100 MHz, d8-THF) 6 —10.0 (MesSi), 21.0 (MesCs), 24.5 (CHs), 26.4 (B-
TMSijm\I CH2, THF), 68.4 (a-CH>, THF), 102.4 (B-C), 112.6 (MesCs). The a-C atoms
4b are not observed due to the coupling with two samarium(l1l) ions. Anal. Calcd

for Cs2HoslLiOsSi>2Smy: C, 48.41; H, 7.34. Found: C, 47.83; H, 7.30.

Procedure for the Synthesis of 5b

In the glovebox, the complex 2b (107.8 mg, 0.07 mmol) was dissolved in THF solution (2 mL) ina 25
mL flask. Then the THF solution (2 mL) of Mo(CO)e (22.9 mg, 0.10 mmol) was added dropwise into the
above solution and stirred at room temperature for 2 h. Then the solvent was concentrated to about 1 mL
under reduced pressure and the single crystals 5b suitable for X-ray analysis could be grown at room
temperature overnight. Crystalline complex 5b is difficult to dissolve in THF and other solvents, and

no NMR signal was observed.

Me ms 1, (THF):  5b: Red crystal (41.2 mg, 0.028 mmol, 38% yield based on Sm). The elemental
Mﬁ?oo—slm ™S analysis data are not well consistent with the calculated values due to the high
(THEY, \|_TMS Me  sensitivity of this complex to air and moisture or high lability of coordinated

Sb solvents. IR (cm™): 469 (w), 620 (w), 646 (m), 681 (w), 749 (m), 832 (vs), 1019

(m), 1112 (w), 1240 (m), 1311 (w), 1371 (s), 1927 (W), 2949 (w).

Procedure for the Synthesis of 5¢

In the glovebox, the complex 2c¢ (122.2 mg, 0.08 mmol) was dissolved in THF solution (2 mL) ina 25
mL flask. Then the THF solution (2 mL) of Mo(CO)e (25.5 mg, 0.09 mmol) was added dropwise into the
above solution and stirred at room temperature for 2 h. Then the solvent was concentrated to about 1 mL
under reduced pressure and the single crystals 5c suitable for X-ray analysis could be grown at room
temperature overnight. Crystalline complex 5c is difficult to dissolve in THF and other solvents and no

NMR signal was observed.

ms 1 (TR 5c: Red crystal (54.5 mg, 0.035 mmol, 44% yield based on Sm). Anal. Calcd for
@O—Sm
TMSS| o | ™S Cs4H1001208SisSmy: C, 42.00; H, 6.54. Found: C, 41.61; H, 6.46. IR (cm™): 476 (w),

A 497 (w), 617 (w), 681 (), 749 (m), 831 (vs), 955 (w), 1015 (m), 1108 (w), 1242
> (m), 1313 (m), 1370 (s), 1924 (W), 2928 (w).
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2) Copies of 'H NMR and *C NMR Spectra of All New Compounds
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Figure S1. *H NMR and *C NMR spectra of 2a (25 <C, 400 MHz, d®-THF).
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Figure S2. 'H NMR and *C NMR spectra of 2b (25 T, 400 MHz, d®-THF).
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Figure S3. *H NMR and *C NMR spectra of 2¢ (25 <C, 400 MHz, d®-THF).
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Figure S4. 'H NMR and *C NMR spectra of 3a (25 <C, 400 MHz, d-THF).
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Figure S5. 'H NMR and *C NMR spectra of 3b (25 <T, 400 MHz, d®-THF).
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3) X-ray Crystallographic Studies

The single crystals of 2asTHF, 2c, 3a, 3b, 3b*, 4b, 5beTHF and 5¢ceTHF suitable for X-ray analysis
were grown as described in the experimental section. The crystals were wrapped in mineral oil and then
were frozen in low temperature. Data collections were performed at 100 or 180 K on a XtaLAB PRO
007HF: Kappa single diffractometer, using graphite-monochromated Mo Ko radiation (A = 0.71073 A).
Using Olex2,! the structures were solved with Superflip? structure solution program using Charge Flipping
or ShelXS-97° structure solution program using Direct Methods and refined with the ShelXL* refinement
package using Least Squares minimization. Refinement was performed on F? anisotropically for all the
non-hydrogen atoms by the full-matrix least-squares method. The hydrogen atoms were placed at the
calculated positions and were included in the structure calculation without further refinement of the
parameters. Crystal data, data collection and processing parameters are summarized in Table S8-S15.
Crystallographic data have been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication nos. CCDC 1982325 (2a*THF), CCDC 1982038 (2c), CCDC 1576765 (3a),
CCDC 1982066 (3b), CCDC 1982074 (3b"), CCDC 1982078 (4b) CCDC 1982080 (5b*THF) and CCDC
1982083 (5¢ceTHF). Copies of these data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. The thermal ellipsoid plot in the

Figures were drawn by Ortep-3 v1.08.°
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Figure S8. ORTEP drawing of 2asTHF with 30% thermal ellipsoids. H atoms are omitted for clarity.

Table S1 Crystal data and structure refinement for 2asTHF.

Identification code 2a*THF

Empirical formula CssH100l3Li09Si2SM;
Formula weight 1685.89
Temperature/K 100.01(10)

Crystal system monoclinic

Space group Cc

alA 12.2283(3)

b/A 22.3914(4)

c/A 25.1344(5)

a/° 90

/e 97.7741(19)

v/° 90

Volume/A3 6818.8(2)

Z 4

peatcg/cm® 1.642

w/mm? 3.146

F(000) 3336.0

Crystal size/mm? 0.1 x0.1 %0.05
Radiation MoKa (A =10.71073)
20 range for data collection/<7.176 to 50.05

Index ranges -14<h<14,-26<k<26,-29<1<29
Reflections collected 114197

Independent reflections 11821 [Rint = 0.0581, Rsigma = 0.0264]
Data/restraints/parameters ~ 11821/2/682

Goodness-of-fit on F? 1.071

Final R indexes [[>=2c (I)] R1=0.0213, wR2 = 0.0503

Final R indexes [all data] R1=0.0223, wR2 = 0.0507

Largest diff. peak/hole / e A0.94/-0.34

Flack parameter -0.025(4)
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Figure S9. ORTEP drawing of 2c with 30% thermal ellipsoids. H atoms are omitted for clarity.

Table S2 Crystal data and structure refinement for 2c.

Identification code 2¢C

Empirical formula CasHool3LiOgSioSmy
Formula weight 1515.69
Temperature/K 179.99(10)

Crystal system monoclinic

Space group P2i/c

alA 21.1690(4)

b/A 13.4380(3)

c/A 23.0935(5)

a/° 90

/e 99.119(2)

v/° 90

Volume/A3 6486.4(2)

z 4

Pcalcmg/mm3 1.552

w/mm-? 3.297

F(000) 2976

Crystal size/mm? 0.15 x0.1 x0.1
Radiation MoKa (A =10.71073)
20 range for data collection 3.882 t0 49.994<
Index ranges 25 < h < 25-15 < k< 15,-27T < | < 27
Reflections collected 107019

Independent reflections 11400 [Rint = 0.0424, Rsigma = 0.0221]
Data/restraints/parameters ~ 11400/60/620

Goodness-of-fit on F? 1.039

Final R indexes [[>=2c (I)] R1=10.0273, wR2 =0.0572

Final R indexes [all data] R1 = 0.0355, wR> = 0.0600

Largest diff. peak/hole / e A®1.11/-0.87
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C37 c3g C31

Figure S10. ORTEP drawing of 3a with 30% thermal ellipsoids. H atoms are omitted for clarity.

Table S3 Crystal data and structure refinement for 3a.

Identification code 3a

Empirical formula Cs4H78ILi04Si2Sm;
Formula weight 1281.88
Temperature/K 100.01(10)

Crystal system orthorhombic
Space group Pbca

alA 22.0050(4)

b/A 21.9516(4)

c/A 22.5148(4)

a/° 90

/e 90

v/° 90

Volume/A3 10875.7(3)

z 8

pcacmg/mm?3 1.566

w/mm-? 2.792

F(000) 5136.0

Crystal size/mm? 0.15 %0.13 x0.12
Radiation MoKa (A =10.71073)
20 range for data collection 7.408 to 54.968<
Index ranges 28 < h < 28,-28 < k < 28,-29 < | < 29
Reflections collected 338113

Independent reflections 12443 [Rint = 0.0743, Rsigma = 0.0175]
Data/restraints/parameters ~ 12443/0/595

Goodness-of-fit on F? 1.257

Final R indexes [[>=2c (I)] R1=0.0558, wR2 =0.1106

Final R indexes [all data] R1=0.0848, wR> = 0.1358

Largest diff. peak/hole / e A22.15/-1.05
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Figure S11. ORTEP drawing for one of two independent molecules of 3b with 30% thermal ellipsoids. H
atoms are omitted for clarity.

Table S4 Crystal data and structure refinement for 3b.

Identification code 3b

Empirical formula Ca4H761Li04Si2Sm;
Formula weight 1159.77
Temperature/K 180.00(10)

Crystal system orthorhombic
Space group P212:2;

alA 15.6548(2)

b/A 22.7462(3)

c/A 28.3983(4)

a/° 90.00

/e 90.00

v/° 90.00

Volume/A3 10112.3(2)

z 8

peatcg/cm® 1.524

w/mm? 2.993

F(000) 4640.0

Crystal size/mm? 0.5 %0.3 x0.1
Radiation MoKa (A =10.71073)
20 range for data collection/<4.66 to 52.044
Index ranges -19<h<19,-27<k<28,-34<1<35
Reflections collected 165156

Independent reflections 19824 [Rint = 0.0437, Rsigma = 0.0267]
Data/restraints/parameters ~ 19824/3691/997

Goodness-of-fit on F? 1.029

Final R indexes [[>=2c (I)] R1=0.0348, wR2 = 0.0874

Final R indexes [all data] R1=0.0393, wR, = 0.0898

Largest diff. peak/hole / e A 1.42/-0.90
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Figure S12. ORTEP drawing of 3b" with 30% thermal ellipsoids. H atoms are omitted for clarity.

Table S5 Crystal data and structure refinement for 3b".

Identification code 3b’

Empirical formula CaoH7213LiO5Si2Sm;
Formula weight 1377.49
Temperature/K 179.99(10)

Crystal system monoclinic

Space group P21/n

alA 22.5968(4)

b/A 9.5025(2)

c/A 24.1613(5)

o/° 90.00

p/e 91.482(2)

v/° 90.00

Volume/A3 5186.33(18)

Z 4

pealcg/cm?® 1.764

w/mm? 4.109

F(000) 2664.0

Crystal size/mm? 0.5 x0.4 x0.1
Radiation MoKa (A =10.71073)
206 range for data collection/<5.32 to 50

Index ranges -26<h<26,-11<k<11,-28<1<28
Reflections collected 86224

Independent reflections 9131 [Rint = 0.0394, Rsigma = 0.0208]
Data/restraints/parameters ~ 9131/84/505

Goodness-of-fit on F? 1.156

Final R indexes [[>=2c (I)] R1=0.0350, wR2, =0.0785

Final R indexes [all data] R1=0.0374, wR2 = 0.0793

Largest diff. peak/hole / e A®1.21/-1.75
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Figure S13. ORTEP drawing of 4bsTHF with 30% thermal ellipsoids. H atoms are omitted for clarity.

Table S6 Crystal data and structure refinement for 4bTHF.

Identification code 4b*THF

Empirical formula Cs6H1021Li06Si2Sm;
Formula weight 1362.09
Temperature/K 179.99(10)

Crystal system monoclinic

Space group P2i/c

alA 16.8580(3)

b/A 10.9203(2)

c/A 34.7768(5)

a/° 90

p/e 97.6680(10)

v/° 90

Volume/A3 6344.96(19)

Z 4

peaicg/cm® 1.426

w/mm? 2.399

F(000) 2776.0

Crystal size/mm? 0.3 0.1 x0.1
Radiation MoKa (A =10.71073)
20 range for data collection/<4.416 to 49.998
Index ranges -18<h<20,-12<k<12,-41<1<41
Reflections collected 79508

Independent reflections 11058 [Rint = 0.0323, Rsigma = 0.0203]
Data/restraints/parameters ~ 11058/21/631

Goodness-of-fit on F? 1.167

Final R indexes [[>=26 (I)] R1=10.0390, wR> = 0.0827

Final R indexes [all data] R1 = 0.0455, wR> = 0.0847

Largest diff. peak/hole / e A 1.00/-0.85
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Figure S14. ORTEP drawing for one of two independent molecules of 5beTHF with 30% thermal
ellipsoids. H atoms are omitted for clarity.

Table S7 Crystal data and structure refinement for 5SbeTHF.

Identification code 5beTHF
Empirical formula CsoHosl208Si4Sm>
Formula weight 1492.12
Temperature/K 179.99(10)
Crystal system triclinic

Space group P-1

alA 11.5985(5)

b/A 13.2243(9)

c/A 23.0745(9)

0/° 74.588(4)

/e 76.558(4)

v/° 66.667(5)
Volume/A3 3100.4(3)

z 2

peatcg/cm® 1.598

w/mm? 2.993

F(000) 1492.0

Crystal size/mm? 0.1 x0.1 x0.1
Radiation MoKa (A =10.71073)
20 range for data collection/<4.524 to 52.044
Index ranges -14<h<14,-16<k<16,-28<1<28
Reflections collected 31031

Independent reflections 31031 [Rint = ?, Rsigma = 0.0521]
Data/restraints/parameters ~ 31031/0/571

Goodness-of-fit on F? 0.941

Final R indexes [[>=2c (I)] R1=0.0350, wR> = 0.0805
Final R indexes [all data] R1=0.0502, wR, = 0.0847
Largest diff. peak/hole / e A 1.00/-0.82
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Figure S15. ORTEP drawing of one of two repeating molecules of 5¢eTHF with 30% thermal ellipsoids.
H atoms are omitted for clarity.

Table S8 Crystal data and structure refinement for 5¢ceTHF.

Identification code 5ceTHF
Empirical formula C27H50104Si2Sm
Formula weight 772.10
Temperature/K 180.00(10)
Crystal system triclinic

Space group P-1

alA 11.7202(4)

b/A 12.2687(4)

c/A 13.6693(4)

a/° 114.227(3)

p/e 99.399(3)

v/° 109.187(3)
Volume/A3 1588.17(9)

Z 2

pcalcg/Cm3 1.615

w/mm? 2.924

F(000) 774.0

Crystal size/mm? 0.05 %0.05 %x0.05
Radiation MoKa (A =10.71073)
20 range for data collection/<5.04 to 60.74
Index ranges -15<h<16,-17<k<16,-18<1<18
Reflections collected 32827

Independent reflections 8298 [Rint = 0.0379, Rsigma = 0.0334]
Data/restraints/parameters ~ 8298/38/322

Goodness-of-fit on F? 1.034

Final R indexes [[>=2c (I)] R1=0.0327, wR2 = 0.0815

Final R indexes [all data] R1=0.0432, wR2 = 0.0894

Largest diff. peak/hole / e A®1.81/-0.93
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4) UV-Vis Spectrum and Magnetic Susceptibility of 2
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Figure S16. UV-Vis absorption spectrum of 2a in THF (ca. 310 M) at 298 K.
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Figure S17. Variable-field ym T vs T plots for 2c.

S23



5) Details of DFT Calculations

The theoretical calculations were carried out using the Amsterdam Density Functional Program (ADF
2019.102) with the B3LYP functional®’ and the Slater-type orbital (STO) basis sets of triple-zeta quality
plus two polarization functions (TZ2P).2 The frozen core approximation was applied to the [1s?-4d%]
cores of Sm, [1s%-4p®] cores of | and [1s?] cores of Si and C. The scalar relativistic (SR) effects were taken
into consideration by the zeroth-order regular approximation (ZORA).>! All the geometries were fully
optimized using these computational selections. The effect of solvent was considered by employing the
Minnesota’s Solvation Model 12 (SM12) when calculating the single point energies of the intermediates
in the reaction mechanism. 12 THF was used as the solvent. The high spin states were used for calculations
since the spin multiplicity arises from f-orbitals do not have significant effect on the geometry and bonding
in our cases. The energy decomposition analysis with natural orbitals for chemical valence (EDA-NOCV)
1314 was performed based on the above geometry at B3LYP/TZ2P level. All the reported results by ADF
2019.02 are from 4f-in-valence calculations.

The single point calculations based on geometries optimized above were performed for further bonding
analyses in Gaussian 16 with the same B3LYP functional.®® The Stuttgart energy-consistent pseudo-
potentials and their optimized basis sets were utilized for 4f-in-core Sm(ECP51MWB) and
I(ECP46MWB).16-18 Def2TZ VP basis set was used for all the other light elements.!® Both 4f-in-core and
4f-in-valence (ECP28MWB_SEG)?°?! pseudo-potentials of Sm were adopted to compare the role of Sm 4f
orbitals. The reported results calculated by Gaussian 16 are from 4f-in-core unless specified otherwise. The
adaptive natural density partitioning (AdNDP)? and the principal interacting orbital (P10)?® were used based
on the single point calculations for chemical bonding analyses. The package Jmol was employed for
visualization.* The AANDP orbital composition was evaluated using Multiwfn by natural atomic orbital
(NAO).252

5.1 Calculations on the Structures of 2 and 3

H /I H @

H Sm H Sm
EY\ \ ];Y\ \
H Y Sm/ H H Sm/
\ <>

2-H 3-H

Figure S18. The simplified models 2-H and 3-H.
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Table S9. The selected bond lengths (A) of optimized geometry 2a and simplified model 2-H based on
DFT optimization (B3LYP) as well as the corresponding experimentally measured ones.

Distance =X cale
2a 2a 2-H

C1-C2 1.463(8) 1.462 1.452
C2-C3 1.448(8) 1.439 1.422
C3-C4 1.468(8) 1.462 1.452
Sm1-C1 2.400(6) 2.349 2.391
Sm1-C2 2.689(7) 2.668 2.677
Sm1-C3 2.671(6) 2.668 2.677
Sm1-C4 2.380(6) 2.349 2.391
Sm2-C1 2.385(6) 2.349 2.391
Sm2-C2 2.671(6) 2.668 2.677
Sm2-C3 2.681(6) 2.668 2.677
Sm2-C4 2.404(6) 2.349 2.391
Sm1-I1 3.1437(5) 3.099 3.109
Sm1-12 3.4022(5) 3.259 3.276
Sm2-12 3.2268(5) 3.259 3.276
Sm2-13 3.1688(6) 3.099 3.109
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Table S10. The selected bond lengths (A) of optimized geometry 3a and simplified model 3-H based on

DFT optimization (B3LYP) as well as the corresponding experimentally measured ones.

Table S11. The selected bond distance (A) and the corresponding Mayer bond orders?’ for the selected

Distance Exp. Calc.
3a 3a 3-H

C1-C2 1.355(10) 1.371 1.364
C2-C3 1.562(9) 1.5632 1.483
C3-C4 1.383(10) 1.371 1.364
Sm1-C1l 2.580(7) 2.654 2.609
Sm1-C4 2.603(7) 2.654 2.609
Sm2-C1 2.592(7) 2.654 2.609
Sm2-C4 2.598(7) 2.654 2.609
Sml-11 3.2145(6) 3.240 3.269
Sm2-12 3.2253(6) 3.240 3.269

bond lengths of 2a and 3a.

_ 2a 3a
Distance
EXxp. Calc. Mayer BO Exp. Calc. Mayer BO

C1-C2  1.463(8) 1.462 0.96 1.355(10) 1.371 1.71

C2-C3  1.448(8) 1.439 1.32 1.562(9) 1.532 1.07

C3-C4  1.468(8) 1.462 0.96 1.383(10) 1.371 1.71
Sm1-C1 2.400(6) 2.349 0.61 2.580(7) 2.654 0.24
Sm1-C2 2.689(7) 2.668 0.14 -- 3.099 0.03
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Table S12a. ADNDP orbital compositions evaluated by the natural atomic orbital (NAO) method of

simplified model 2-H from 4f-in-core calculations. The contribution less than 0.5% is not listed.

Orb. Sm1+Sm2 C1 C2 C3 C4
o1 16.4%(s"T5d) 83.6%(s>*p) - - -
o2 16.4%(s*15d) - - - 83.6%(s%¢p)
m 6.3%(s>°d) 19.1%(p) 27.7%(p) 27.7%(p) 19.1%(p)
o 10.9%(d) 32.2%(p) 12.4%(p) 12.4%(p) 32.2%(p)
st 29.4%(s%1d) 17.5%(p) 17.8%(p) 17.8%(p) 17.5%(p)

Table S12b. ADNDP orbital compositions evaluated by the natural atomic orbital (NAO) method of

simplified model 2-H from 4f-in-valence calculations. The contribution less than 0.5% is not listed.

Orb.  Sm1+Sm2 C1 C2 C3 C4

ol 19.1% (s°17df*%?) 80.9% (s°%2p) - - -

o2 19.1% (s°7df%?) - -- -- 80.9% (s°%?p)
T 4.3% (s%d) 10.4% (p) 375% (p)  37.5%(p)  10.4% (p)

™ 11.4% (d) 31.4% (p) 12.9% (p)  12.9% (p)  31.4% (p)

3t 42.7% (s%10d°52f) 22.3% (p) 6.4% (p) 6.4% (p) 22.3% (p)
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Figure S19. Kohn-Sham MO energy levels (B3LYP/TZ2P) of 2a, illustrating the orbital interaction
between the two fragments, 1,3-butadienyl dianions (BDA) and (Smzlz)*. From 4f-in-valence calculations
the atomic orbitals (AOs) contributions of HOMO are 12% from Sm-f, 20% from Sm-d and 53% from C-

p. The orbitals of iodine atoms in 2a are not displayed for clarity.
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samarium atom. Isovalue = 0.05.
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Table S13. AANDP orbital compositions evaluated by the natural atomic orbital (NAO) method of

simplified model 3-H. The contribution less than 0.5% is not listed.

Orb.  Sm1+Sm2 C1 C2 C3 Cc4
o1 15.4%(s*?d) 84.6%(s""®p) -- -- --
oy 15.4%(s*%d) -- -- - 84.6%(s76p)
T 2.3%(d) 14.9%(p)  34.0%(p) 34.0%(p)  14.9%(p)

- 4.8%(d) 32.3%(p)  15.3%(p) 15.3%  32.3%(p)

Orb.  Smil/2 C(COT?)
1 6.3%(d) 93.7%(p)
2 6.3%(d) 93.7%(p)

3 5.5%(d) 94.5%(p)

4

5

5.5%(d) 94.5%(p)
10.6%(d) 89.4%(p)

Table S14. Energy decomposition analysis of 2-H at the PBE/TZ2P level and the associated deformation
densities Ap of the most important pairwise orbital interactions AEom (Isosurfaces = 0.001 au). The

direction of the charge flow is red to blue. Energy values are given in kcalemol™.

fragments Smyls*: fiish CaHs7: 1A
AEint -476.60
AEpauii 765.33
AEeista -781.96 (62.94%)
AEor -460.30 (37.05%)
a B atp
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AEomms*)

-44.60

-179.36

-223.96(48.65%)

AEom(o)
[ J
-36.03 -30.48 -66.51(14.45%)
AEo0)
-25.50 -22.70 -48.20(10.47%)
AEorb(TEZ)
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-12.62 -19.20 -31.82(6.91%)

AEqm(y

-9.08 -6.77 -15.85(3.44%)

Ebonding 470.01

aThe value in parentheses gives the percentage contribution to the total attractive interactions AEeistar+AEorm. ® The value in parentheses gives

the percentage contribution to the total orbital interactions AEorb. © AEtot-bonding = AEprep + AEint.

The total interaction energies (AEint) were decomposed into three terms, which are the electrostatic
interaction energy (AEeistat), Pauli repulsion (AEpauli) and orbital interactions (AEor). The sum of the AEpauii
and AEeistat is also called steric interactions (AEsteric). The EDA-NOCYV calculations indicate that AEeistat IS
the dominant attractive forces in 2-H and accounts for 63%, indicating the compounds are primarily
stabilized by ionic interaction. The rest 37% orbital interaction also plays an important role since Pauli
repulsion and electrostatic interaction almost cancel out. The breakdown of the orbital interaction term
into individual orbital contributions reveals that the five components contribute 48.7% (ns*), 24.9% (two
6), 6.9% (m2) and a weaker 3.4% (1), respectively. The & orbitals have the dominate contribution while
the o orbitals are also non-negligible. The deformation densities Ap(c) and Ap(w) show the direction of
the charge flow and the orbitals that are involved, where the color code of the charge flow is red — blue.
The charge flow clearly shows that not only C1 and C4 but also farther C2 and C3 are involved in the

interaction between the metal ions and the butadienyl ligand.
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Figure S21. Results of P10 analysis on 2-H with Sm.l3 and CsH4 as two fragments based on the B3LYP
calculations with Stuttgart energy-consistent pseudo-potentials and their optimized basis sets for
Sm(ECP51MWB) and I(ECP46MWB) and def2TZVP for the other elements. (a) The top five PIOs of
each fragment. The orbital energies and populations (occupation numbers) are given as E and P,
respectively, near each P1O. Given below each PIO pair are the PIO-based bond indices (abbreviated as
PBI) and its contribution (as %) to the total interactions between two fragments (the contributions of all

P10s sum up to 100%). Isovalue: 0.02 for all orbitals.
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Calculated Energies and Geometrical Coordinates of Optimized Geometry 2a

Spin multiplicity: 11-et Energy =-9173.6 kcal/mol
Sm 0.000000 -1.688584 -0.785703
Sm 0.000000 1.688584 -0.785703
| 0.000000 -4.606155 0.259577
| 0.000000 0.000000 -3.573471
| 0.000000 4.606155 0.259577

3.272349 0.000000  -0.520502
-3.272349 0.000000  -0.520502
1.480046 0.000000  -0.097508
0.719560 0.000000 1.151153
-0.719560 0.000000 1.151153
-1.480046 0.000000  -0.097508
3.693602 -1.517347  -1.594257
3.541881 -2.453184 -1.044911
4741535 -1.492093 -1.915381
3.079750  -1.548056 -2.501375
4511848 0.000000 0.914127
4.397555 0.881403 1.550282
5.531836 0.000000 0.512216
4397555  -0.881403 1.550282
3.693602 1517347  -1.594257
3.079750 1.548056  -2.501375
4.741535 1492093 -1.915381
3.541881 2453184  -1.044911

-4.511848 0.000000 0.914127

-4.397555  -0.881403 1.550282

-5.531836 0.000000 0.512216

-4.397555 0.881403 1.550282

-3.693602 1517347  -1.594257

-3.541881 2453184  -1.044911

-4.741535 1492093 -1.915381

-3.079750 1.548056  -2.501375

-3.693602 -1.517347  -1.594257

-3.079750 -1.548056 -2.501375

v @

T oI XITrT oI I T OIIIOIIIOIIIOOO OO
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-4.741535  -1.492093  -1.915381
-3.541881  -2.453184  -1.044911
1.443965 0.000000 2473717
1.806505  -1.204345 3.093759
1534728  -2.147671 2.629459
2.507066  -1.205808 4.301330
2.773182  -2.150279 4.766071
2.861463 0.000000 4.910501
3.405686 0.000000 5.849801
2.507066 1.205808 4.301330
2.773182 2.150279 4.766071
1.806505 1.204345 3.093759
1.534728 2.147671 2.629459
-1.443965 0.000000 2473717
-1.806505  -1.204345 3.093759
-1.534728  -2.147671 2.629459
-2.507066  -1.205808 4.301330
-2.773182  -2.150279 4.766071
-2.861463 0.000000 4.910501
-3.405686 0.000000 5.849801
-2.507066 1.205808 4.301330
-2.773182 2.150279 4.766071
-1.806505 1.204345 3.093759
-1.534728 2.147671 2.629459

I OI O0OI OITOITOOIOIOIOoOIOoOITOoOoOo T

Calculated Energies and Geometrical Coordinates of Simplified Model 2-H

Spin multiplicity: 11-et Energy =—-2371.5 kcal/mol
Sm -1.691300 0.000000 0.784462
Sm 1.691300 0.000000 0.784462

| -4.747262 0.000000 0.232533
| 0.000000 0.000000 3.569991
| 4747262 0.000000 0.232533

0.000000 1.499630 0.074106

0.000000 0.713648 -1.146054

0.000000 -0.713648 -1.146054

o o0 0

S35



0.000000  -1.499630 0.074106
0.000000 1.181627 -2.131262
0.000000 2.585328  -0.024472
0.000000 -1.181627 -2.131262
0.000000 -2.585328  -0.024472

I T T I O

Calculated Energies and Geometrical Coordinates of Optimized Geometry 3a

Spin multiplicity: 11-et Energy = -14167.7 kcal/mol
Si -3.355576 0.000000 0.057685
3.355576 0.000000 0.057685
-1.465945 0.000000 0.209918
-0.765969 0.000000 1.388567
0.765969 0.000000 1.388567
1.465945 0.000000 0.209918
-4.220422  -1.502926 0.836139
-4,117980 -1.505611 1.923710
-5.289556  -1.453654 0.597924
-3.834559  -2.449142 0.454378
-4.220422 1.502926 0.836139
-3.834559 2.449142 0.454378
-5.289556 1.453654 0.597924
-4.117980 1.505611 1.923710
-3.804246 0.000000 -1.781016
-3.406041  -0.879145  -2.295665
-4.893096 0.000000  -1.904444
-3.406041 0.879145  -2.295665
4220422  -1.502926 0.836139
5.289556  -1.453654 0.597924
4117980 -1.505611 1.923710
3.834559  -2.449142 0.454378
4.220422 1.502926 0.836139
3.834559 2.449142 0.454378
4.117980 1.505611 1.923710
5.289556 1.453654 0.597924
3.804246 0.000000 -1.781016

2]
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3.406041
3.406041
4.893096
-1.430631
-1.754185
-1.509531
-2.388611
-2.631526
-2.709308
-3.201167
-2.388611
-2.631526
-1.754185
-1.509531
1.430631
1.754185
1.509531
2.388611
2.631526
2.709308
3.201167
2.388611
2.631526
1.754185
1.509531
Sm 0.000000
Sm 0.000000
0.000000
1.307782
2.073400
1.848086
2.931560
1.304974
2.069306
0.000000
0.000000

I O0OIT OoIT oI OoIOoOO0IoIOoOIOIOoOIOoao$oTITT?ITT:T
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-0.879145
0.879145
0.000000
0.000000

-1.203663

-2.143952

-1.205313

-2.149914
0.000000
0.000000
1.205313
2.149914
1.203663
2.143952
0.000000

-1.203663

-2.143952

-1.205313

-2.149914
0.000000
0.000000
1.205313
2.149914
1.203663
2.143952

-1.886037
1.886037

0.000000
3.945051
3.917055
3.857819
3.783102
3.799798
3.669508
3.788885
3.638036
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-2.295665
-2.295665
-1.904444

2.747853
3.391996
2.909490
4635429
5.112862
5.263728
6.231433
4.635429
5.112862
3.391996
2.909490
2.747853
3.391996
2.909490
4.635429
5.112862
5.263728
6.231433
4.635429
5.112862
3.391996
2.909490

-0.947553
-0.947553

-3.581779

0.231192
1.001297

-1.073262
-1.072659
-2.380359
-3.141473
-2.917949
-3.993023



-1.304974 3.799798  -2.380359
-2.069306 3.669508  -3.141473
-1.848086 3.857819  -1.073262
-2.931560 3.783102  -1.072659
-1.307782 3.945051 0.231192
-2.073400 3.917055 1.001297
0.000000 3.983477 0.770509
0.000000 3.986790 1.857672
1.307782  -3.945051 0.231192
2.073400 -3.917055 1.001297
1.848086 -3.857819 -1.073262
2.931560 -3.783102 -1.072659
1.304974  -3.799798  -2.380359
2.069306 -3.669508  -3.141473
0.000000 -3.788885 -2.917949
0.000000 -3.638036  -3.993023
-1.304974  -3.799798  -2.380359
-2.069306  -3.669508  -3.141473
-1.848086 -3.857819  -1.073262
-2.931560  -3.783102  -1.072659
-1.307782  -3.945051 0.231192
-2.073400  -3.917055 1.001297
0.000000  -3.983477 0.770509
0.000000  -3.986790 1.857672

I OrorToITOIOIOIOIOIOOIOIOIO

Calculated Energies and Geometrical Coordinates of Simplified Model 3-H

Spin multiplicity: 11-et Energy = —7442.2 kcal/mol

C -1.438823 0.000000 0.012631
C -0.741270 0.000000 1.184417
C 0.741270 0.000000 1.184417
C 1.438823 0.000000 0.012631
Sm 0.000000 -1.866456 -1.107613
Sm 0.000000 1.866456 -1.107613
I 0.000000 0.000000 -3.791578
C 1.308945 3.760008 0.286324
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2.070598
1.855458
2.938062
1.308905
2.069534
0.000000
0.000000
-1.308905
-2.069534
-1.855458
-2.938062
-1.308945
-2.070598
0.000000
0.000000
1.308945
2.070598
1.855458
2.938062
1.308905
2.069534
0.000000
0.000000
-1.308905
-2.069534
-1.855458
-2.938062
-1.308945
-2.070598
0.000000
0.000000
-2.527365
-1.214854
1.214854
2.527365

3.623030
3.810383
3.716090
3.904374
3.855338
3.957572
3.926192
3.904374
3.855338
3.810383
3.716090
3.760008
3.623030
3.750331
3.617421
-3.760008
-3.623030
-3.810383
-3.716090
-3.904374
-3.855338
-3.957572
-3.926192
-3.904374
-3.855338
-3.810383
-3.716090
-3.760008
-3.623030
-3.750331
-3.617421
0.000000
0.000000
0.000000
0.000000

S39

1.049161
-1.017953
-1.022583
-2.322738
-3.096870
-2.854295
-3.940073
-2.322738
-3.096870
-1.017953
-1.022583

0.286324

1.049161

0.826136

1.904698

0.286324

1.049161
-1.017953
-1.022583
-2.322738
-3.096870
-2.854295
-3.940073
-2.322738
-3.096870
-1.017953
-1.022583

0.286324
1.049161

0.826136

1.904698

0.127291

2.172438

2.172438

0.127291



5.2 Calculations on the Proposed Mechanisms for the Formation of 2

H
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Figure S22. The simplified models for calculations.

Int-3-H Int-4-H

Table S15. The relative energies of the intermediates in pathway-a and pathway-b calculated using DFT.

The energies with effect of solvent THF considered by single-point solvation model 12 (SM12) are listed

in brackets.
Pathway-a Pathway-b
Species AE/(kcal-mol) Species AE /(kcal-molL)
1-H+2Sml; 0 1-H +2Sml; 0
Int-1-H+2Lil —43.8 (-31.5) Int-3-H+Lil+Sml; —31.0(-23.2)
Int-2-H+2Lil —33.0 (-21.0) Int-4-H+Lil+Sml, +20.0 (+9.4)

Calculated Energies and Geometrical Coordinates of Simplified Model 1-H

Spin multiplicity: singlet Energy =-1297.2 kcal/mol

Li 1.822700
-1.822700
-1.639454
-0.742885
0.742885
1.639454
2.663571
1.125783
-1.125783
-2.663571

C

I T T IT O O O O

0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000
0.000000

S40

1.538328

1.538328
-0.397567
-1.414356
-1.414356
-0.397567
-0.815068
-2.443469
-2.443469
-0.815068



Calculated Energies and Geometrical Coordinates of Simplified Model Int-1-H

Spin multiplicity: 13-et Energy =—-2171.2 kcal/mol
Sm 1.683605 0.000000 1.813518
Sm -1.683605 0.000000 1.813518

| 0.000000  -2.383914 3.047253

0.000000 2.383914 3.047253

-1.547642 0.000000  -0.466565

-0.724083 0.000000 -1.564066

0.724083 0.000000  -1.564066
1.547642 0.000000  -0.466565
2.626908 0.000000 -0.747607
1.163831 0.000000 -2.565343
-1.163831 0.000000  -2.565343
-2.626908 0.000000 -0.747607

I T T IT O O O 0O

Calculated Energies and Geometrical Coordinates of Simplified Model Int-2-H

Spin multiplicity: 13-et Energy = -2217.4 kcal/mol
Sm 0.000000 -1.745978 -0.701184
Sm 0.000000 1.745978  -0.701184

| 0.000000 -3.592693 -3.062087
0.000000 3.592693  -3.062087
1.481127 0.000000 0.199793
0.727028 0.000000 1.389639

-0.727028 0.000000 1.389639

-1.481127 0.000000 0.199793

2.569596 0.000000 0.329984
-2.569596 0.000000 0.329984
1.195992 0.000000 2.379023
-1.195992 0.000000 2.379023

I T T T O O O O
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Calculated Energies and Geometrical Coordinates of Simplified Model Int-3-H

Spin multiplicity: septet Energy =-1740.6 kcal/mol
C 1.604797 0.000000 2.595259

C 0.751629 0.000000 3.658891
C -0.751629 0.000000 3.658891
C -1.604797 0.000000 2.595259
H 2.664288 0.000000 2.855597
H -1.148271 0.000000 4.679903
H 1.148271 0.000000 4.679903
H -2.664288 0.000000 2.855597
Sm 0.000000 0.000000 0.847352
I 0.000000 0.000000  -2.422328
Li 0.000000 0.000000  -4.957365

Calculated Energies and Geometrical Coordinates of Simplified Model Int-4-H

Spin multiplicity: septet Energy =—1721.0 kcal/mol
C 1.536101 0.000000 2.584108

C 0.727833 0.000000 3.713588
C -0.727833 0.000000 3.713588
C -1.536101 0.000000 2.584108
H 2.609367 0.000000 2.791780
H -1.178365 0.000000 4.710845
H 1.178365 0.000000 4.710845
H -2.609367 0.000000 2.791780
Sm 0.000000 0.000000 0.852106
I 0.000000 0.000000  -2.474665
Li 0.000000 0.000000  -4.931120
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