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X-Ray crystallographic analysis of 
bis[ 8-(phenylselanyl)naphthyl] diselenide 1 reveals that the 
four selenium atoms in 1 align almost linearly with the 
angles of the adjacent three Se atoms 176.9 and 170.3", 
respectively; the linear bond was shown to be a four-centre 
six-electron (4cde) bond by MO calculations. 

Nonbonded interactions between heteroatoms containing group 
16 elements in the 1,8-positions of naphthalene are of current 
interest.' In the course of our investigation of such interactions, 
we obtained bis[8-(phenylselanyl)naphthyl] diselenide 1 j. by 
treating the dianion of naphtho[ 1,8-cd]- 1,2-diselenole with 
benzenediazoniuni chloride at low temperature. 

X-Ray crystallographic analysis of l$ revealed that the four 
selenium atoms in 1 align almost linearly. Fig. 1 shows the 
ORTEP diagram of 1. The two naphthyl planes in 1 are almost 
perpendicular to each other. The torsional angle of ca. 90" for 
C( 1)Se( l)Se(3)C( 17) must resemble those in RSeSeR.2 The 
naphthyl groups are orientated in a way that the four Se atoms 
align almost linearly, although they can rotate around the 
C( 1)Se( 1) and/or C( 17)Se(3) bonds to avoid steric repulsion 
with the Se-Se bond. The angles of Se(3)Se(l)Se(2) and 
Se( l)Se(3)Se(4) and the torsional angle of Se(2)Se( 1)- 
Se(3)Se(4) were found to be 176.9, 170.3 and 157.0°, 
respectively. Each phenyl group is located near the naphthyl 
group to which the phenyl group is not bonded (roof 
structure) . 

We wondered why the roof structure is more stable than the 
bent forms usually observed in polyselenides.3 The effective 
interaction between the 4p-type lone pair orbitals of Se(2) and 
Se(4) atoms and the 4 p - 4 ~  o*-orbital of the Se( 1)-Se(3) bond 
is suggested by the average torsional angle of ca. 73" for 
C( 10)C(9)Se(2)C( 1 1) and C(26)C(25)Se(4)C(27). MO calcul- 
ations with ah initio and semiempirical methods were per- 
formed on a model adduct to clarify the more stable linear 
structure. 9 The simplified MO calculation model, H22Se. 
H1Se3SeH.4SeH2, is shown in Fig. 2(a). Two HA's and HB's are 
joined by 1 &naphthylidene groups. Hc represents a phenyl 
group. The atomic distances of r('Se-3Se) were fixed as 
observed in 1 and those of Y( 1Se-2Se) and r(3Se-4Se) were fixed 
at the average value qf the corresponding distances observed in 
1 (2.365 and 3.053 A respectively). The angles in HSeH and 
HSeSeH and the torsional angles in HSeSeH and those in the 
model were fixed at 90". The MO's consisted of 4p,(Se)- 
orbitals based on PM3 with 8 ,  and 02 fixed at 180" [Fig. 2(b)]. 
The I)3 and I)4 are predicted to be HOMO and LUMO, 
respectively.7 These results show that the bond can be regarded 
as a four-centre six-electron (4c-6e) bond. This is also supported 
by the ab initio calculations. 

Fig. 1 Molecular structure of 1. Selected bond lengths (A) and angles (O): 

Se(l)-Se(2) 3.019(1), Se( l t S e ( 3 )  2.365(1), Se(3)-Se(4) 3.087( l ) ,  Se( 1)- 
C(l) 1.959(8), Se(2)<(9) 1.911(8), Se(3)-C(17) 1.964(7), Se(4)-C(25) 

C(25)-C(26) 1.42(1), Se(3)Se(l)C(1) 101.7(2), Se(l)Se(3)C(17) 103.2(2), 
Se(l)C(l)C(lO) 122.3(6), C(l)C(lO)C(9) 126.1(7), Se(2)C(9)C(10) 
123.0(6), C(9)Se(2)C( 11) 99.6(3), Se(3)C( 17)C(26) 122.7(6), 
C(17)C(26)C(25) 127.5(7), Se(4)C(25)C(26) 124.8(6), C(25)Se(4)C(27), 
100.7(3). Selected torsional angles ( O ) :  Se( l)C(l)C( 10)C(9) 1 1 (  1), C( 1)Se- 
(1)Se(3)C( 17) 91.0(3), Se(3)Se( 1)C( 1)C( 10) 162.8(6), Se(2)C(9)C( lO)C( 1) 
12(1), C(IO)C(9)Se(2)C(ll) 76.5(7), Se(3)C(17)C(26)C(25) 7(1), 
Se( 1)Se(3)C( 17)C(26) 178.5(6), Se(4)C(25)C(26)C( 17) 6( l ) ,  
C(26)C(25)Se(4)C(27) 69.7(7), C(9)Se(2)C( 1 l)C( 12) 5 1.3(8), 
C(25)Se(4)C(27)C( 28) - 162.4(7). 

1.903(8), C(l)-C( 10) 1.42( l), C(9)-C( 10) 1.42( l ) ,  C(17)-C(26) 1.42( l ) ,  
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Fig. 2 (a) Structure for MO calculations and (b) the 4c-6e bond model based 
on PM3 calculations with e l  and 02 being fixed at 180" 
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Table 1 Predicted charges for H22Se.H1Se3SeH.4SeH2, H2Se2 and H2Se based on ab initio and semiempirical methodsa 

H&C2Se.HA1 Se3SeHA-4SeHBHcb H2Se2 H2Se 

Method e1(=edC Q(H2Se2) Q('Se> Q(HA) Q(H2Se) QWe)  QWB) Q(Hc) Q(Se) Q(Se) 

LANL 1 DZ 177.6 -0.096 -0.059 0.011 0.048 0.001 0.018 0.029 -0.032 -0.045 
MP2LANLlDZ 177.7 -0.096 -0.058 0.010 0.048 0.001 0.01 8 0.029 -0.03 1 -0.045 
PM3 175.9 -0.224 -0.099 -0.013 0.112 0.1 17 -0.008 0.003 0.008 0.041 

a Angles, together with torsional angles, were fixed at 90" (see text). The optimized r(Se-H) were 1.474 k 0.002, 1.494 k 0.004 and 1.476 f 0.002 8, for 
LANLlDZ, MP2LANLlDZ and PM3 respectively. The predicted charges based on each method were equal to those given within k 0.001, when 8, = 0* 
= 180". 

The next extension of the calculations was to establish the 
character of the charge-transfer in the adduct and to optimize €I1 
and 82, together with I-(Se-H)'s. The results are shown in 
Table 1.The nature of the charge-transfer in the 4c-6e bond is 
from the two outside H2Se's to the central H2Se2, which is 
essentially different from that of hypervalent 3c-4e bonds.4 The 
MO calculations show that the driving force behind the linear 
alignment of the four Se atoms in 1 must be the energy lowering 
effect of the formation of the linear 4c-6e bond. The optimized 
values of 8 = ca. 180" support this conclusion. Some linear 
bonds, such as X42- (X = Is" and BrSb), together with 
CF3SO3---S+--S+---03SCF36u and maybe I--Te--Te--I,6h must 
also be examples of this type of bond. 

This work was supported by a Grant-in-Aid for Scientific 
Research (C) No. 05640608 from the Ministry of Education, 
Science, Sports and Culture, Japan. 

Footnotes 
t Elemental analyses were satisfactory for 1. Yield 65.8%, mp 161-163 "C. 
G"(CDC13: 90 MHz) 7.0-7.5 (m, 14 H) and 7.6-8.2 (m, 8 H); Gc(CDC13: 
22.5 MHz) 125.9, 126.7, 127.6, 128.2, 128.3, 129.3, 130.3, 130.4, 131.0, 

13.6 Hz,), 534.2 (J 341.4, 13.6 Hz). 
$ Crystal data for 1: C32H22Se4, M = 722.37, primitive triclinic, a = 
12.2175(8), b = 12.3430(8), c = 9.7474(8) A, = 103.038(6), fi = 
110.715(5), y = 91.791(6)", V = 1329.5(2) 8,3, space group P i  (No. 2), 
Z = 2, D, = 1.80 g ~ m - ~ ,  y(Cu-Ka) = 67.5 cm-l. All measurements were 
made on a Rigaku AFC7R diffractometer with graphite monochromated 
Cu-Ka radiation and a 12 kW rotating anode generator. The structure was 
solved by direct methods and expanded using Fourier techniques. The non- 
hydrogen atoms were refined anisotropically . Some hydrogen atoms were 
refined isotropically, the rest were included in fixed positions. The final 
cycle of full-matrix least-squares refinement was based on 3701 observed 
reflections (I > 2.500(1)) and 402 variable parameters and converged with 
unweighted and weighted agreement factors to give R = 0.056 and R ,  = 
0.065 for independent observed reflections [Scan Type: 0-20, Scan Width: 
(1.73 + 0.30 tan e ) O ,  28,,, = 120.1°]. 
5 Ab initio MO calculations were performed by Gaussian 92 program7a with 
a LANLl DZ basis set7b on a convex computer and semiempirical 
calculations were carried out at MOPAC PM3 level (ver. 6)8 with GNORM 
= 0.01. 

fl Photoelectron spectroscopic studies on naphtho[ 1,8-bc]-1,5-dithiocin and 
1,8-bis(methylsulfanyl)naphthalene showed that the HOMO of the former 

132.3, 135.6, 135.8, 136.3 and 139.0; Gse(CDC13: 69 MHz) 429.0 ( J  341.4 

was a o*-type orbital of the nonbonded S-S bond but that of the latter was 
the n*-type orbital of the nonbonded S-S bond interacting with the n-orbital 
of the naphthalene ring.'. 
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