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General Procedures.  All manipulations involving air- and moisture-sensitive 
organometallic compounds were operated using the standard Schlenk or glovebox 
techniques under argon.  Complexes [Mo2{(PhN)2CNHPh}4] (3),S1) 
[Mo2{(ArN)2CH}4] (Ar = 4-C8H17OC6H4) (2),S2) and [M2{O2CC6H2

iPr-2,4,6}4] (1: M = 
Mo,S3) 4: M = Cr,S4) 5: M = WS5)) were prepared according to the literatures.  
Anhydrous hexane, toluene, THF, Et2O, and dichloromethane were purchased from 
Kanto Chemical, and further purified by passage through activated alumina under 
positive argon pressure as described by Grubbs et al.S6)  Other organic substrates were 
purchased, and dried and deoxygenated by distillation over CaH2.  Benzene-d6, 
toluene-d8, CDCl3, CD2Cl2, and THF-d8 were degassed and stored under argon. 
   1H NMR (300 MHz, 400 MHz) and 13C NMR (75 MHz, 100 MHz) spectra were 
measured on VARIAN UNITY INOVA-300 and BRUKER AVANCEIII-400 
spectrometers.  Assignments for 1H and 13C NMR peaks for some of the complexes 
were aided by 2D 1H-1H COSY, 2D 1H-1H NOESY, 2D 1H-13C HETCOR, and/or 2D 
1H-13C HMBC spectra.  UV-vis spectra were recorded on Aglient 8453 spectrometer.  
Cyclic volutammograms were measured by BAS ALS610D spectrometer using a 
standard three-electrode configuration with working electrode (glassy carbon), counter 
electrode (platinum), and reference electrode (silver).  [nBu4N][PF6] was used as the 
electrolyte, and Cp2Fe was used as the standard.  GC-MS measurement was carried out 
using a DB-1 capillary column (0.25 mm x 30 m) on a Shimadzu GCMS-QP2010Plus. 
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General Procedure for Radical Addition Reaction of CCl4 to Various Alkenes 
(Tables 1 and 2):  A solution of the alkene substrate (0.801 or 0.868 mmol), dinuclear 
complex (3 mol% based on olefin), CCl4 (1.03 mmol), and hexamethylbenzene as an 
internal standard in 0.5 mL of deuterated solvent was prepared in a light shielding 
J-Young NMR tube.  The reaction mixture was heated to 80 oC.  The conversions and 
yields were calculated by the 1H NMR measurement based on the amount of the internal 
standard.  The reaction mixture was concentrated and purified by column 
chromatography on a silica gel or Kugelrohr distillation.  Identity of the ATRA product 
was confirmed by comparison of 1H NMR data obtained from the literature. 
 
Radical Addition of Cl3CCO2Et, Cl3C(S)OnPr, CDCl3, and CHBrCl2 to 1-Hexene 
(Scheme 1): Alkyl halide (1.03 mmol), 1-hexene (0.801 mmol), catalyst (0.0240 mmol), 
hexamethylbenzene as an internal standard, and 0.5 mL of CDCl3 were added to a light 
shielding J-Young NMR tube.  The reaction mixture was heated to 80 oC.  The yields 
were calculated by the 1H NMR measurement based on the amount of the internal 
standard.  The reaction mixture was concentrated and purified by column 
chromatography on a silica gel or Kugelrohr distillation.  Identity of the ATRA product 
was confirmed by comparison of 1H NMR data obtained from the literature. 
 
General Procedures for Radical Polymerization of MMA (Table 3): MMA (0.942 
mmol), BrC(CH3)2CO2CH2CH3 (10 mol% based on MMA), catalyst (0.5 mol% based 
on MMA), hexamethylbenzene as an internal standard, and 0.5 mL of toluene-d8 were 
added to a light shielding J-Young NMR tube.  The NMR tube was heated to the 
reaction temperature.  After heating for 12 hours, the polymerization reaction was 
quenched by the addition of methanol.  The formed polymer was dissolved in a small 
amount of THF, and the solution was added dropwise to the large amount of methanol.  
The precipitated polymer was filtered and washed with methanol.  The polymer was 
dried under vacuum. 
 
Preparation of [Mo2{(PhN)2CNHPh}4][Br] (6):  To a solution of complex 3 in THF 
was added benzyl bromide (200 equiv), and the mixture was heated at 60 °C for 24 
hours.  After cooling the solution to room temperature, red-brown crystals were 
formed.  The X-ray diffraction study of the crystal revealed the formation of 
[Mo2{(PhN)2CNHPh}4][Br] (6). 
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Characterization Data of Coupling Products: 
1,1,1,3-TetrachloroheptaneS7) 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.31–4.21 (m, 1H, -CH(Cl)-), 
3.29 (dd, J = 5.7 Hz and 15.6 Hz, 1H, CCl3CHH), 3.13 (dd, J = 4.2 Hz 
and 15.6 Hz, 1H, CCl3CHH), 2.0–1.7 (m, 2H, -CH(Cl)CH2-), 1.6–1.3 (m, 4H, -(CH2)2-), 
0.94 (t, J = 7.2 Hz, 3H, CH3).  13C NMR (100 MHz, 308 K, CDCl3): δ 97.0, 62.3, 57.7, 
38.8, 28.1, 22.0, 13.9.  MS (EI): m/z 201 [M+-Cl]. 
 
Ethyl 2,2,4-trichlorooctanoateS7) 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.4–4.1 (m, 3H, OCH2 and 
-CH(Cl)-), 3.10 (dd, J = 8.5 Hz and 15.6 Hz, 1H, -C(Cl)2CHH-), 
2.81 (dd, J = 3.5 Hz and 15.6 Hz, 1H, -C(Cl)2CHH-), 1.9–1.7 (m, 
2H, -CH(Cl)CH2-), 1.6–1.2 (m, 4H, -(CH2)2-), 1.36 (t, J = 7.2 Hz, 3H, OCH2CH3), 0.92 
(t, J = 7.2, 3H, -(CH2)2CH3).  13C NMR (100 MHz, 308 K, CDCl3): δ 165.5, 82.9, 64.0, 
58.1, 53.0, 38.4, 28.2, 22.0, 13.8, 13.7.  MS (EI): m/z 275 [M++H]. 
 
n-Propyl 2,2,4-trichlorooctanethioate 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.2–4.1 (m, 1H, 
-CH(Cl)-), 3.09 (dd, J = 7.7 Hz and 15.4 Hz, 1H, -C(Cl)2CHH-), 
2.93 (t, J = 7.3 Hz, 2H, SCH2), 2.84 (dd, J = 4.0 Hz and 15.3 Hz, 
1H, -C(Cl)2CHH-), 1.8–1.6 (m, 4H, -CH(Cl)CH2- and SCH2CH2-), 1.6–1.2 (m, 4H, 
-(CH2)2CH3), 1.02 (t, J = 7.3 Hz, 3H, SCH2CH2CH3), 0.92 (t, J = 7.2 Hz, 3H, 
-(CH2)2CH3).  13C NMR (100 MHz, 308 K, CDCl3): δ 194.4, 87.8, 57.7, 52.6, 38.5, 
33.0, 28.2, 22.1, 22.0, 13.8, 13.3.  MS (EI): m/z 306 [M+]. 
 
1,1,3-TrichloroheptaneS8) 
1H NMR (400 MHz, 308 K, CDCl3): δ 6.0–5.9 (m, 1H, Cl2CH-), 4.1–
4.0 (m, 1H, -CH(Cl)-), 2.6–2.5 (m, 2H, Cl2CHCH2), 1.8–1.7 (m, 2H, 
-CH(Cl)CH2-), 1.6–1.3 (m, 4H, -(CH2)2CH3), 0.93 (t, J = 7.3 Hz, 3H, 
CH3).  13C NMR (100 MHz, 308K, CDCl3): δ 70.8, 59.4, 51.8, 37.8, 28.2, 22.1, 13.8.  
MS (EI): m/z 203 [M+]. 
 
3-Bromo-1,1-dichloroheptaneS9) 
1H NMR (400 MHz, 308 K, CDCl3): δ 6.05–5.95 (m, 1H, Cl2CH-), 
4.2–4.1 (m, 1H, -CH(Br)-), 2.7–2.6 (m, 2H, Cl2CHCH2-), 1.9–1.8 (m, 
2H, -CH(Br)CH2-), 1.6–1.2 (m, 4H, -(CH2)2CH3), 0.93 (t, J = 7.3 Hz, 
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3H, CH3).  13C NMR (100 MHz, 303 K, CDCl3): δ 71.9, 52.4, 52.1, 38.4, 29.3, 22.0, 
13.9.  MS (EI): m/z 248 [M+]. 
 
(1,3,3,3-Tetrachloropropyl)cyclohexaneS10) 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.2–4.1 (m, 1H, -CH(Cl)-), 
3.17 (d, J = 5.3 Hz, 2H, Cl3CH2-), 1.9–1.6 (m, 6H, Cy), 1.4–1.1 (m, 
5H, Cy).  13C NMR (100 MHz, 308 K, CDCl3): δ 97.6, 62.9, 60.2, 45.1, 29.8, 27.4, 
26.10, 26.05, 25.9.  MS (EI): m/z 264 [M+]. 
 
(2,4,4,4-Tetrachlorobutyl)benzeneS11) 
1H NMR (400 MHz, 308 K, CDCl3): δ 7.4–7.1 (m, 5H, Ph), 
4.35–4.45 (m, 1H, -CH(Cl)-), 3.3–3.0 (m, 4H, -CH2CH(Cl)CH2-).  
13C NMR (100 MHz, 308 K, CDCl3): δ 136.6, 129.5, 128.6, 127.3, 96.8, 61.1, 57.7, 
45.3.  MS (EI): m/z 272 [M+]. 
 
1,1,1,3-Tetrachloro-4-ethoxybutane S12) 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.4–4.3 (m, 1H, -CH(Cl)-), 
3.8–3.4 (m, 4H, -CH2OCH2-), 3.41 (dd, J = 3.4 Hz and 15.7 Hz, 1H, 
Cl3CCHH-), 3.12 (dd, J = 6.6 Hz and 15.7 Hz, 1H, Cl3CCHH-), 1.23 (t, J = 7.1 Hz, 3H, 
CH3).  13C NMR (100 MHz, 308 K, CDCl3): δ 73.6, 66.9, 58.7, 54.7, 15.0.  Cl3CCH2 
was not observed.  MS (EI): m/z 240 [M+]. 
 
1-Chloro-2-(trichloromethyl)cyclopentaneS13) 
1H NMR (400 MHz, 308 K, CDCl3): δ 4.5–4.4 (m, 1H, -CH(Cl)-), 
3.55–3.4 (m, 1H, Cl3CCH), 2.4–1.7 (m, 6H, -(CH2)3-).  13C NMR (100 
MHz, 308 K, CDCl3): δ 71.2, 61.6, 38.6, 31.1, 24.7.  MS (EI): m/z 185 
[M+-Cl]. 
 
(1,3,3,3-Tetrachloropropyl)benzeneS14) 
1H NMR (400 MHz, 308 K, CDCl3): δ 7.5–7.3 (m, 5H, Ph), 5.30 (t, J = 
6.0 Hz, 1H, -CH(Cl)-), 3.65 (dd, J = 5.5 Hz and 15.4 Hz, 1H, 
Cl3CCHH), 3.55 (dd, J = 6.3 Hz and 15.4 Hz, 1H, Cl3CCHH).  13C NMR (100 MHz, 
308 K, CDCl3): δ 140.5, 128.9, 127.4, 96.2, 62.8, 58.3.  MS (EI): m/z 258 [M+]. 
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End Group Analysis of PMMA. 

 
Figure S1.  The 1H NMR spectra of PMMA obtained by 2 and ethyl 
2-bromoisobutyrate (* : impurity from 4-(C8H17O)C6H4N group). 

 

Figure S2.  The 1H NMR spectra of PMMA obtained by 3 and chloroform.  (a) The 
1H NMR spectrum of PMMA obtained by 3 and CHCl3.  (b) Selected region (5.3 – 6.4 
ppm) of PMMA obtained by 3 and CHCl3.  (c) Selected region (5.3 – 6.4 ppm) of 
PMMA obtained by 3 and CDCl3. 
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X-Ray Diffraction Study of 6 (CCDC 809907). 
   The crystal was mounted on the CryoLoop (Hampton Research Corp.) with a layer 
of light mineral oil and placed in a nitrogen stream at 113(1) K.  Measurement was 
made on Rigaku AFC7R/Mercury CCD detector with graphite-monochromated Mo–Kα 
(0.71075 Å) radiation.  The structure of 6 was solved by direct method (SIR-2008),S15) 
and refined on F2 by full-matrix least-squares method, using SHELXL-97.S16)  
Non-hydrogen atoms except for one THF molecule (O2 – C81 – C82 – C83 – C84) 
were anisotropically refined.  Highly disordered THF molecule (O2 – C81 – C82 – 
C83 – C84) was isotropically refined.  H-atoms were included in the refinement on 
calculated positions riding on their carrier atoms.  The function minimized was 
[Σw(Fo2- Fc2)2] (w = 1 / [σ2 (Fo2) + (aP)2 + bP]), where P = (Max(Fo2,0) + 2Fc2) / 3 
with σ2(Fo2) from counting statistics.  The function R1 and wR2 were (Σ||Fo| - |Fc||) / 
Σ|Fo| and [Σw(Fo2 - Fc2)2 / Σ(wFo4)]1/2, respectively. 

 
Figure S3.  Molecular structure of complex 6.  Hydrogen atoms and solvent 
molecules are omitted for clarity.  Selected bond distances (Å): Mo1 – Mo2 2.1231(14), 
Mo1 – N1 2.147(9), Mo2 – N2 2.126(10), N1 – C1 1.342(15), N2 – C1 1.346(14), N3 – 
C1 1.364(15).
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UV-Vis Spectra for the Oxidation Reaction of 3 by Benzyl Bromide.  

Figure S4.  Changes in the UV-Vis absorption spectrum during the oxidation reaction 
of complex 3 by CCl4 in THF at 25 °C. 
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1H and 13C NMR Spectra of 1,1,1,3-tetrachloroheptane 
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1H and 13C NMR Spectra of ethyl 2,2,4-trichlorooctanoate 
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1H and 13C NMR Spectra of n-Propyl 2,2,4-trichlorooctanethioate 
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1H and 13C NMR Spectra of 1,1,3-Trichloroheptane 
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1H and 13C NMR Spectra of 3-Bromo-1,1-dichloroheptane 
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1H and 13C NMR Spectra of (1,3,3,3-Tetrachloropropyl)cyclohexane 

 
 
 

 

 C6(CH3)6 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2011



1H and 13C NMR Spectra of (2,4,4,4-Tetrachlorobutyl)benzene 
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1H and 13C NMR Spectra of 1,1,1,3-Tetrachloro-4-ethoxybutane 
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1H and 13C NMR Spectra of 1-Chloro-2-(trichloromethyl)cyclopentane 
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1H and 13C NMR Spectra of (1,3,3,3-Tetrachloropropyl)benzene 
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