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The molecular and crystal structure of 13,13-dimethyl-8,13-dihydro-5H- 
dibenzo[ d, g]-1,2-diselena-6-silonine was determined. The g-membered heterocycle 
has a distorted TBB conformation, long intramolecular distances Si . . . Se of 4.322 
and 4.228(2) A exclude the possibility of transammlar Si + Se interaction. 

IdOdUCtiOIl 

Our previous paper [l] reports the structure of 13,13-dimethyl-8,13-dihydro-5% 
dibenzo[d,g]-l,Zdithia-dsilonine (II) wherein the intramolecular donor-acceptor 
Si + S interaction involving one of the S atoms was found for the first time. On 
account of a similarity of properties and dimensions of S and Se atoms a similar 
structural feature was proposed for the Se analog I. To verify this proposal an X-ray 
study of I was carried out. 

Results and discussion 

Geometrical parameters of the molecule I (Fig. 1) and a series of molecules 
having Se and Si atoms in a similar surrounding are compared in Table 1. 
Coincidence or closeness of most of the geometrical parameters in molecules I and II 
is remarkable. At the same time the torsion angle around the Se-Se bond in I (73.7”) 
is substantially less than that found in other structures where it is close to the 
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Fig. 1. General view of molecule I. H atoms are omitted. 

theoretical value of 90°, and almost coincides with the angle SeSeSeSe (76.4’) in the 
Se,(NPh), molecule [6]. 

Intramolecular Si. . . Se distances in I (4.322 and 4.228(2) A) are significantly 
longer than the sum of the Van der Waals radii (4.00 A according to Bondi [7]). This 
shows the absence of a transannular donor-acceptor Si +- Se interaction which is 
clearly evident in the dithia analog II [l]. In this connection it is interesting to 
compare ~nformations of 9-membered heterocycles in I and II. 

The SiC(7)C(2)C(l)Se(l)Se(2)C(8)C(9)C(lO) cycle in I (Fig. 2) is fharacterized by 
the following Cremer-Pople parameters [8]: 4 273.1”, q2 2.429 A, ‘p3 90.0°, q3 
0.391 A, (~4 274.5”, q4 0.240 A, Q 2.472 A. As in our previous analysis of 
confo~atio~s found in 8-members siloxane cycles [S], the values q, and ‘p, 

Si 

Fig. 2. Conformation of the hetemcycle iu molecule I. 
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(a) 

Q2 q 270' Q2 = 280' 

TBB 00 

I(Cp, =273') 

1gg-p aw) 
S(2) 

Q2=2QOo v2 =300" 

TBB 80 

II (Q2 = 295") 

(b) 

Fig. 3. Comparison of the g-membered heterocycles in molecules I and II: (a) torsion angles; (b) TBB and 
BB canonical forms which give the main contributions to the conformations of heterocycles I and II. 
Canonical and calculated (in parentheses) (p2 values are listed. For molecule II transannular Si + S(2) 
interaction is indicated by dashed lines. It can be seen that in the representations of the cycles in 
molecules I and II the positions of the corresponding heteroatoms are different. 

represent contributions of corresponding canonical forms to conformation of the 
cycle. Thus, in the case of the 9-membered heterocycle of I the main contributions 
are represented by TBB and BB forms ( q2 >> q3,q4) with the former being predomi- 
nant (Fig. 3). This heterocycle has an approximate symmetry of a twofold axis 
passing through the Si atom and the midpoint of the Se-Se bond. The symmetry is 
clearly seen in Fig. 1 and Fig. 3 where the torsion angles of heterocycles I and II are 
compared. 

Cremer-Pople parameters of the heterocycle in the dithia analog II ((p2 295.0”, q2 
2.220 A, ‘pj 90.8”, q3 0.326 A, q.+ 330.9”, q4 0.268 A, Q 2.259 A) also correspond to 
a conformation which is intermediate between TBB and BB and somewhat distorted, 
for q3 # 0 and q4 # 0. However, this conformation is not identical to that found in I 
as is indicated by different (p2 values of the cycle in II and its nearest canonical 
forms (Fig. 3). In II approximate symmetry of a twofold axis is absent and the Si 
and Se(2) atoms are drawn closer to each other as a result of transannular 
donor-acceptor interaction. The reason of the difference between I and II is the 

TABLE 2 

SHORT INTRAMOLECULAR DISTANCES (A) 

Se(l). . . C(3) 3.63(l) 
Se(2). . . c(14) 3.65(l) 
Se(l)...C(9) 3.29(l) 
Se(2)...C(2) 3.33(l) 
Se(l)...C(lO) 3.61(l) 

se(2)...W 3.55(l) 

Si...C(l) 
Si...C(E) 
C(l)...C(lO) 

W)...c(7) 
C(6)...C(15) 
C(ll)...C(16) 

3.27(l) 
3.26(l) 
3.35(l) 
3.48(l) 
3.23(l) 

3.21(l) 
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different positions of the corresponding heteroatoms in the cycles. For an approxi- 
mate matching of heterocycles I and II it is nessessary to shift atoms of one of them 
by two positions around the ring, which is clearly seen in Fig. 3. After this 
transformation the ‘pz values of the corresponding canonical forms will coincide and 
the difference in the observed ‘pz values of the cycles will be only 2’. Apparently, the 
slightly larger Van der Waals radius of the Se atom (1.90 A against 1.80 A for S [7]) 
does not allow molecule I to form the cycle conformation identical to that found in 
II. Abundance of short intramolecular contacts involving Se atoms (Table 2) is in 
agreement with this assumption. 

Intermolecular distances in the crystal are of the usual values. The shortest 
distance Se(l). . . C(12) (-x, 1 - y, -z) with participation of the Se atom is 3.72(l) 
A. 

Experimental 

Crystal data of I: Yellow crystals, orthorhombic, a 26.6978(10), b 16.0101(7), c 
7.5329(2) A, V 3219.8(2) A3, d,, 1.519 g cmm3, ~(CU-K,) 70.3 cm-‘, Z = 8, 
C,,H,,S%Si, space group Pccn. 

TABLE 4 

BOND LENGTHS (A) FOR THE NON-HYDROGEN ATOMS 

www2) 
www 
WWW9 
Si-C(7) 
Si-C(l0) 
Si-c(15) 
Si-c(16) 

c-x1)-c(2) 
C(8)-C(9) 
C(2)-C(3) 

2.288(l) 
2.02(l) 
1.99(l) 
1.89(l) 
1.88(l) 
1.87(l) 
1.85(l) 
l&(l) 
1.48(l) 
1.40(l) 

(x3)-C(4) 
c(4)-c(5) 
C(5)-c(6) 
c(6)-c(7) 
c(7)-c(2) 
c(9)-WO) 
c(lO)-Wl) 
c(ll)-c(l2) 
c(l2)-c(l3) 
c(l3)-c(14) 
c(l4)-c(9) 

1.35(2) 
1.38(2) 
1.41(2) 
1.37(l) 
1.41(l) 
1.42(l) 
1.39(l) 
1.39(l) 
1.35(2) 
1.38(l) 

1.40(l) 

TABLE 5 

BOND ANGLES (“) BETWEEN NON-HYDROGEN ATOMS 

Se(l)%2)c(8) 104.5(3) 

W2)Wl)c(l) 104.2(3) 
C(‘I)SiC(lO) 114.9(4) 
C(7)SiC(15) 109.3(4) 
C(7)Sic(16) 107.6(4) 
c(lO)Sic(l5) 108.6(4) 
c(lO)SiC(16) 109.0(4) 
C(15)Sic(16) 108.2(5) 

Se(l)c(l)c(2) 112.7(6) 

se(2)c(8)c(9) 113.8(7) 

SiCWX2) 124.2(6) 

Sic(7)c(6) 118.2(6) 
SiC(lO)c(9) 124.1(6) 
Sic(lO)CQl) 118.8(6) 

c(wom3) 119.3(S) 

121.8(7) 
121.1(S) 
119.9(S) 
123.3(10) 
118.4(11) 
119.8(11) 
122.1(9) 
117.5(S) 
118.9(S) 
117.0(7) 
122.5(S) 
120.3(9) 
119.7(9) 
121.6(9) 
118.9(S) 
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Unit cell parameters and intensities of 2482 independent reflections were meas- 
ured with a four-circle automated Hilger & Watts diffractometer at 20°C (h(Cu-K,), 
e/28 scan, e_ 66”). The structure was solved by direct methods using the 
MULTAN program and refined by block-diagonal least-squares method in aniso- 
tropic approximation for non-hydrogen atoms and isotropic for H atoms located in 
the difference Fourier map. The final R value is 0.097 (R, = 0.12) for 1899 
reflections with Z > 3a(Z). All calculations were performed with an Eclipse S/200 
computer using INEXTL programs [lo]. Atomic coordinates and thermal parame- 
ters are given in Table 3, bond lengths and bond angles are listed in Tables 4 and 5. 

References 

1 V.E. Shklover, Yu.T. Struchkov, O.G. Rodin, V.F. Traven’, and B.I. Stepanov, J. Organomet. Chem., 
266 (1984) 117. 

2 P.D’Antonio, C. George, A.H. Lowrey, and J. Karle, J. Chem. Phys., 55 (1971) 1071. 
3 S. Aleby, Acta tryst., B, 28 (1972) 1509. 
4 H.T. Palmer and R.A. Palmer, Acta tryst., B, 25 (1969) 1090. 
5 E.R. Corey, J.Y. Corey and M.D. Glick, J. Grganomet. Chem., 129 (1977) 17. 
6 0. Foss and V. Janickis, J. Chem. Sot. Dalton Trans., N4 (1980) 620. 
7 A. Bondi, J. Phys. Chem., 68 (1964) 441. 
8 D. Cremer and J.A. Pople, J. Am. Chem. Sot., 97 (1975) 1354. 
9 V.A. Palyulin, N.S. Zefirov, V.E. Sbklover and Yu.T. Struchkov, J. Mol. Struct., 70 (1981), 65. 

10 R.G. Gerr, A.I. Yanovski and Yu.T. Struchkov, Kristallographia, 28 (1983), 1029. 


