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Abstract 

N-acetyliminosulfane-stabilized carbone bis(acetyliminosulfane)carbon(0) C(SPh2NC(O)Me)2 has been 

successfully synthesized by deprotonation of the corresponding salt [HC(SPh2NC(O)Me)2]ClO4. The molecular 

structures of [HC(SPh2NC(O)Me)2]ClO4 and C(SPh2NC(O)Me)2 were characterized using 1H- and 13C-NMR and X-

ray crystallographic analyses.   Density functional theory calculations revealed that the electronic structure of 

C(SPh2NC(O)Me)2 has two lone pairs of electrons at the central carbon atom.   The first and second proton 

affinities (PAs) of C(SPh2NC(O)Me)2 (PA(1): 271.3 kcal mol-1; PA(2): 181.2 kcal mol-1) are smaller than those of 

(methyliminosulfane)carbone(0) C(SPh2NMe)2 (PA(1): 278.8 kcal mol-1; PA(2): 182.2 kcal mol-1).   

C(SPh2NC(O)Me)2 was also compared with previously prepared sulfur-stabilized carbones. 
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Introduction 

 

Many functional organic compounds that enrich our lives, such as pharmaceuticals, agrochemicals, and 

polymers, are synthesized by catalytic reactions.1, 2   Therefore, new catalysts with higher activity and higher 

efficiency should be developed.   The reactivity of a metal complex catalyst depends on the ligand bound to the 

central metal, thus, a new ligand can be expected to alter the reactivity of a catalyst using it.2, 3 

Recently, divalent carbon(0) species, known as carbones (CL2), have been proposed as new ligands for 

catalytic reactions.4–6   Carbones are recognized as a class of compounds that bear unique bonding and electron-

donating characteristics at the central carbon.7–9   Carbones consist of two strong electron-donating ligands (L) 

coordinated to a central zero-valent carbon atom, which maintains four valence electrons in - and -type lone 

pair (LP) orbitals.   Therefore, they are frequently described as general-type carbon complexes (L→C←L).   The 

central carbon is stabilized by two strongly electron-donating ligands, such as phosphane, sulfane, or carbene 

ligands.4, 6, 10–15    Various substituent groups can be introduced onto these ligands to control their function.4, 15–

19 

Recently, we investigated the syntheses, structures, and reactivities of carbones CL1
2 (A), CL1L2 (B), CL1L3 

(C), CL1L4 (D), and CL2
2 (E) (Figure 1), stabilized by methyliminosulfane (L1), sulfane (L2), selenane (L3), and 

phospane (L4), and suggested that the electron-donating ability of the central carbon in these carbones can be 

tuned by replacing L1 with L2, L3, or L4 ligands.14, 15, 20–24   Herein, we report the synthesis, crystal, and electronic 

structure of N-acetyliminosulfane-stabilized carbone 3, and compare 3 to previously reported N-

methyliminosulfane-stabilized carbones A. 

 

 
 
Figure 1. Molecular structures of A–E and 3.  

 

 

Results and Discussion 
 

In our previous study, the key intermediate 1 was synthesized from the reaction of fluorodiphenyl-6-

sulfanenitrile with -lithiated methyl diphenyl-6-sulfanenitrile.12    The reaction of 1 with two equivalents of 

acetic anhydride in THF at –20 °C afforded the corresponding monoprotonated salt 2 in 87% yield (Scheme 1).   

The desired carobone 3 was prepared in essentially quantitative yield by passing a methanolic solution of 2 

through an ion-exchange resin column (IRA-410, OH– form).   The formation of 2 and 3 was confirmed by 1H and 
13C NMR spectroscopy and elemental analysis.   The 1H and 13C NMR spectroscopy results revealed four 
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equivalent phenyl, two equivalent acetyl groups, and a central carbon atom.   The 13C NMR signal for the central 

carbon atom of 3 ( = 29.6 ppm) was shifted to a higher field relative to that of A ( = 39.7 ppm).12 
 

 

Scheme 1. Synthesis of 3. 

 

The molecular structures of 2 and 3 were determined using X-ray crystallographic analysis (Figure 2).   

Selected bond lengths and angles of 2 and 3 are listed in Table 1, together with the data for 

bis(methyliminosulfane)carbon(0) A.    

 

 
 

Figure 2. Molecular structure of 2 and 3. Ellipsoids are shown at 50% probability. Hydrogen atoms (except for 

that on Ccenter) and ClO4
– anions are omitted for clarity.  

 

The crystal structure of bis(acetyliminosulfane)carbon(0) 3 exhibits the following characteristic 

properties :   The S1-C2 and S2-C4 bonds lie in the S1-C1-S2 plane, and the -faces of the two phenyl groups are 

orientated in the same direction.   Notably, the S1-C3 and S2-C5 bonds of 3 favor an anticlinal arrangement at 

the S1•••S2 axis (C3-S1•••S2-C5: 126.4°) and almost eclipse each S-N bond (C3-S1•••S2-N2: 23.9°; C5-S2•••S1-

N1: 23.2°), whereas the corresponding S-C bonds of 2 and A adopt a near synclinal eclipsed conformation 

(torsional angles of C3-S1•••S-C5, 2: –30.7°; A: –30.7°12).   The average central S-C1 bond distance in 3 is 1.626(2) 

Å, which is significantly shorter than that of 2 (av. S-C1: 1.694(2) Å), and slightly shorter than that of A (av. S-C1: 

1.636(3) Å12).   The mean S-N bond distance (1.592(1) Å) in 3 is longer than that in A (1.552(9) Å12).   However, 

the C-N (mean: 1.374(2) Å) and C-O (mean: 1.224(2) Å) distances in 3 are comparable to the standard lengths of 

C-N bonds (1.38 Å) and C-O bonds (1.21 Å).25  The S1-C1-S2 bond angle (115.2(1)°) of 3 is very similar to that of 
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monoprotonated salt 2 (116.3(1)°).   This trend is similar to that observed for bis(methyliminosulfane)carbon(0) 

A,12
 but is different from the trend for B–D.15, 20, 23 

 

Table 1. Selected bond lengths (Å) and angles (°) of 2, 3 and A. 

 2[a] 3[a] A[b] 

S1–N1 1.5766(16) 1.5948(13) 1.553(10) 

S1–C1 1.696(2) 1.6278(15) 1.635(4) 

S1–C2 1.7751(19) 1.7824(15) 1.802(4) 

S1–C3 1.762(2) 1.7933(14) 1.801(2) 

S2–N2 1.5669(16) 1.5895(13) 1.550(8) 

S2–C1 1.6912(19) 1.6248(15) 1.636(2) 

S2–C4 1.7762(19) 1.7836(14) 1.808(4) 

S2–C5 1.7733(19) 1.7986(15) 1.799(4) 

N1–C6 1.383(3) 1.3750(18) 1.464(4) 

N2–C7 1.397(2) 1.373(2) 1.470(5) 

C6–O1 1.221(3) 1.2242(19) – 

C7–O2 1.214(2) 1.223(2) – 

N1–S1–C1 120.61(10) 123.76(7) 124.1(2) 

N1–S1–C2 112.19(9) 110.90(7) 110.6(3) 

N1–S1–C3 103.30(9) 100.78(6) 102.2(2) 

C1–S1–C2 105.27(9) 104.43(7) 101.9(3) 

C1–S1–C3 108.62(9) 113.10(7) 115.4(1) 

C2–S1–C3 106.01(9) 101.98(7) 100.5(1) 

N2–S2–C1 122.92(9) 125.08(7) 128.1(2) 

N2–S2–C4 113.77(9) 111.14(7) 110.1(3) 

N2–S2–C5 102.17(9) 99.72(8) 101.1(3) 

C1–S2–C4 102.59(9) 103.59(7) 102.1(1) 

C1–S2–C5 108.33(9) 113.71(8) 111.6(1) 

C4–S2–C5 106.01(9) 101.44(7) 101.0(3) 

S1–C1–S2 116.28(11) 115.19(9) 116.8(2) 

[a] Experimental values. [b] Ref. [12]. 

 

To gain insight into the electronic structures of 3, density functional theory (DFT) calculations were 

performed at the B3PW91/6–311G(d,p) level (Figure 3).26–30    
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Figure 3. The optimized structure of 3 (left, hydrogen atoms are omitted for clarity) and its HOMO (center) and 

HOMO–1 (right). 

 

The optimized structure of 3 closely matches that determined using the experimental data.   Molecular 

orbital analysis indicates that the central carbon atom of 3 has two LP orbitals in the HOMO (nc) and HOMO–1 

(nC) (Figure 3).   Natural bond orbital (NBO) analysis indicated that the nc enhanced the s character (45%), 

indicating a hybridization similar to sp, whereas the nc LP of carbon has 100% p character.31   The central carbon 

atom of 3 bears a large negative charge (−1.16 e), which is similar to that in A (–1.24 e).12   Both carbon LPs of 3 

are stabilized through interactions with *(S-N) and *(S-Cph), as determined by NBO second-order perturbation 

analysis.   In particular, nC interacts with two *(S-N; ESN-total: 17.5 kcal mol-1) and four *(S-C; ESC-total: 14.9 kcal 

mol-1), whereas the stabilization energy for nC indicates almost no interactions involving the nC to *(S1-C1) 

and *(S2-C3), and nC interacts with *(S1-N1; 14.1 kcal mol-1), *(S1-C2; 19.9 kcal mol-1), *(S2-N2; 14.9 kcal 

mol-1), and *(S2-C4; 19.9 kcal mol-1).   These results indicate that the two acetyliminosulfane ligands decrease 

the electron density of the two LPs (occupancy of LPs, nC: 1.73; nC: 1.52). 

To verify the carbone character, we calculated the first and second proton affinities32, 33 (PA(1) and PA(2)) 

of 3 and compared them with the theoretically predicted values for the PAs of carbones A–E (Table 2).   

 

Table 2. Calculated energy levels of the HOMO, HOMO-1 and proton affinities (PAs) of 3 and A–E at 

B3PW91/6-311G(d,p). 

   PA(1) PA(2) 

 HOMO (eV) HOMO-1 (eV) (kcal mol-1) (kcal mol-1) 

3 -5.68 -6.03 271.3 181.2 

A23 -5.26 -5.56 278.8 182.2 

B20 -5.08 -5.32 288.0 184.4 

C20 -5.09 -5.36 287.1 187.0 

D15 -4.58 -4.73 301.6 207.8 

E23 -4.89 -5.02 297.5 183.7 

 

As expected, the theoretically predicted PA(1) (271.3 kcal mol-1) of bis(acetyliminosulfane)carbon(0) 3 is 

smaller than that of bis(methyliminosulfane)carbone(0) A and is the smallest PA discussed in this study (Table 

2).   These results suggest that the N-acetylated iminosulfane ligand has reduced the electron density at the 

carbone center of 3.   Therefore, the functionality of the central carbon can be easily controlled by introducing 

electron-donating or -withdrawing substituents to the nitrogen atom of the iminosulfane ligand.   PA(1) is 

predominantly determined by the energy level of the highest occupied s orbital of neutral carbone 3, whereas 

PA(2) is predominantly determined by the highest occupied p orbital of monoprotonated 2. 

 

 

Conclusions 
 

In conclusion, we successfully prepared the N-acetyliminosulfane-stabilized carbone 3 by the 

deprotonation of the corresponding protonated salt 2 with Amberlite/OH– form.   In addition, the molecular 

structures of 2 and 3 were determined using X-ray crystallographic analysis.   Furthermore, DFT calculations for 

3 revealed that the two LPs at the central carbon atom are efficiently stabilized by an n–σ* interaction with 
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adjacent acetyliminosulfane ligands, and the PA value of 3 is the lowest value among A–E.    These results 

suggested that the electronic properties of the central carbon in the carbones can be tuned by choosing 

appropriate substituents. 

 

 

Experimental Section 
 

General considerations.   Unless otherwise specified, reactions were performed under a dry argon atmosphere.   

The reagents were purchased from commercial suppliers and used after further purification. 1H and 13C{1H} NMR 

spectroscopies were recorded using a Bruker Avance 500 MHz spectrometer.   The 1H and 3C{1H} NMR chemical 

shifts (δ) in CDCl3 are given in ppm relative to Si(CH3)4 and the coupling constants (J) are expressed in Hz.   

Compound 1 was prepared according to the literature procedure.12 

 

2: Acetic anhydride (0.19 mL, 2.0 mmol) was added dropwise at –20 °C to a solution of 1 (170 mg, 0.41 mmol) 

in acetonitrile (10 mL) and the mixture stirred for 24 h.   The solution of 2 was evaporated under reduced 

pressure, and the residue was added to an aqueous solution of sodium perchlorate (0.244 g, 2.0 mmol).   The 

white solid obtained was filtered off and washed with water and diethyl ether.   The residue was recrystallized 

from hot-methanol/diethyl ether to afford monoprotonated salt 2 (206 mg, 84%) as a white solid.   M.p. 189–

190 °C (decomp.); 1H NMR (500 MHz, CDCl3):  = 2.31 (s, 6H), 5.62 (s, 1H), 7.52–7.66 (m, 12H), 8.08–8.15 (m, 

8H); 13C NMR (125 MHz, CDCl3): = 26.9, 40.1, 128.7, 130.9, 131.4, 135.5, 179.9 ppm; elemental analysis calcd 

(%) for C29H27ClN2O6S2: C 58.14, H 4.54, N 4.68; found: C 57.77, H 4.51, N 4.71. 

3: A solution of 2 (120 mg, 0.20 mmol) in methanol was passed through a column of Amberlite IRA-410 ion-

exchange resin (strong base, OH– form) and the eluate was evaporated to afford 3 as a white powder (98 mg, 

98%). M.p.: 218–220 °C (decomp.); 1H NMR (500 MHz, CDCl3):  = 1.49 (s, 6H), 7.40–7.50 (m, 12H), 8.12–8.24 

(m, 8H); 13C NMR (125 MHz, CDCl3): = 26.2, 29.6, 127.4, 129.3, 131.7, 142.4, 178.6 ppm; elemental analysis 

calcd (%) for C29H26N2O2S2: C 69.85, H 5.26, N 5.62; found: C 69.66, H 5.25, N 5.57. 

     CCDC 2207010 (3), and 2207011 (2) contain the supplementary crystallographic data for this paper.   These 

data can be obtained free of charge from The Cambridge Crystallographic Data Center via 

www.ccdc.cam.ac.uk/structures/. 

 

Computational section.   The geometries of 3 were optimized at the B3PW91/6-311G* level of theory. 26-28   The 

resulting structures were characterized as stationary points on the potential energy surface by evaluating their 

vibrational frequencies at the same level of theory.   All calculations were performed using the Gaussian09 suite 

of quantum chemical programs. 29   Natural bond order and charge analyses were performed at the B3PW91/6-

311G* level of theory using the NBO 3.1 program. 30 
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