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The structure of 1-(methylselanyl)-®-@nisylselanyl)naphthaleng)(and 1-(methylselanyl)-8ptchlorophen-
ylselanyl)naphthalened] was studied by X-ray crystallographic analysis. The structures around thiel&e
and Se-CsH,OMep (Se—Can) groups in2 are close to type A and type B, respectively: type A if the-8e
bond is almost perpendicular to the naphthyl plane and type B when th€ 8end is placed on the plane.
Those around the SeMe and Se-CsH,Cl-p (Se—Car) groups in3 are type B and type A, respectively. The
nonbonded Se-Se distances o2 and3 are 3.0951(8) and 3.1239(7) A, respectively. The structur® ief
very different from that observed in 1-(methylselanyl)-8-(phenylselanyl)naphthdlgribg structure of which

is type C, where the two SeC bonds decline by about 23rom the naphthyl plane. The structure ®f
strongly suggests the contribution of the nonbonded n)Se*(Se—Cye) three-centerfour-electron (3¢
4e) type interaction. The nonbonded n¢§e -0*(Se—Can) 3c—4e type interaction must partly contribute to
the structure of. To clarify the nature of the n(Sejo*(Se—C) 3c—4e type interaction observed $and3,
together with ther type two-center-four-electron interaction id, ab initio MO calculations with the B3LYP/
6-311++G(3df,2pd) method were performed on model gHkbe--SeH/Hy, where the naphthylidene group
was replaced by Hand H; and the Me and Ar groups bygHand Hy. Two structures are optimized to be
energy minima withJSeSeld = 0SeSeld = ca. 74 and 158. The latter corresponds to the conformation
observed irl, which is controlled by HOMOs*(Se-+-Se)); the former is HOMO-19(Se--Se))-controlled.
On the contrary, similar calculations with the B3LYP/6-31G(2d,p) method on naphthalene-I,8-diselenol
show that the type Atype B pairing is evaluated to be most stable, which explains the conformations observed
in 2 and 3: the n(Se)-0*(Se—C) 3c—4e interaction, as well as-orbitals of the naphthyl group, play an

important role in the pairing. The resonance effect of OMe and the inductive effect of Cl must also be important

to determine the structures Bfand3, respectively. The character of CT calculated by the natural population
analysis for the diselenol supports further the n{Se)(Se—C) 3c—4e interaction.

Introduction SCHEME 1
The lone pair-lone pair interactiohis one of the important o R R
factors to determine the structure and the reactivity of organic /—:L

1
compounds containing heteroatoms bearing lone pairs such as LGr-2)] =l E@jﬁ

organic chalcogen compounds. Such two-cerfeur electron
(2c—4e) interaction is demonstrated to play an important role
in the nuclear spirspin couplings between selenitm

selenium3 and seleniumfluorine* atoms, as well as those . . . e
between fluorine-fluorine® and fluorine-nitrogerd atoms. for such nonbonded $SeSe interaction that is attractive in nature

Naphthalene 1,8-positions are expected to serve as a goodand examined the structure of para-substituted derivatives of

system to study the nonbonded interactions between heteroatomd’ SUCh as 1-(methylselanyl)-g-anisylselanyl)naphthaleng)(
and/or groups containing 2¢e23.7.8 and 1-(methylselanyl)-8stchlorophenylselanyl)naphthaler®.(

We have recently reported the structure of 1-(methylselanyl)-

type A: 8<90° type B: 6=180° type C: 8= 135°

stabilized by the distorted type 2c-4e interaction. We looked

8-(phenylselanyl)naphthalen&)$ studied by the X-ray crystal- Me—Se SeOY
lographic analysis, together with the molecular orbital calcu-

lations performed on the models &f The structure ofl is OO
demonstrated to decline by about’4Eom the naphthyl plane,

which is called type C for the two S€C bonds (Scheme 1; 1 (Y = H), 2 (Y = OMe), 3 (Y =CI)

The angled is defined in type Af2 The nonbonded 2ede

interaction itself must be repulsive, but the type C pairing is The type C pairing is usually found in 1,8-bis(chalcogena)-

-bi a
* Corresponding author. Tek-81-73-457-8252. Fax:-81-73-457-8253 naphthalenes such 51,8 bls(methylsulfanyl)naphthalen@,(

or +81-73-457-8272. E-mail: nakanisi@sys.wakayama-u.ac.jp. and 1,8-bis(phenyitelluro)naphthaler$.(° On the other hand,
* Center for Information Science. the double type Atype B pairings are found around the-Se
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R-Z - Ph-Se Se——Se Se-Ph Y]
4 (RZ = Mes) =

RZ = PhTe %5
5 ) €O sy cm c10y

Ph and Se-Se moieties in bis [8-(phenylselanyl)naphthyl]-1,1

diselenide 6).2 The high electron accepting ability of the Se

Se bond due to the low lying*(Se—Se) bond must be the

driving force for the formation of the pairings. Indeed the type Figure 1. Structure of2.
C structure is stabilized by the distortedype 2¢c-4e interaction

as in1, but the type A-type B pairing must also be stabilized
through the electron donemacceptor interaction. The type B
structure was also reported for 8-fluoro{i-dnisylselanyl)-
naphthalene?).* However, such type A-type B pairing has not
been reported in 1,8-bis(alkyl(or aryl)chalcogena)naphthalenes,
yet. In the course of our investigation into the nonbonded
Se--Se interaction, we encountered a pseudo typgype B
pairing around the SeMe and Se-CgH,OMep (Se—Chapn)
groups in2 and a pure type A-type B pairing around the-Se
CeH4Cl-p (Se—Cxr) and Se-Me groups in3. This finding led

us to clarify the nature of the nonbonded S8e interaction in

the naphthalene system in more detail.

The type A-type B pairing in3 strongly suggest that the
nonbonded Se-Se interaction should be characterized by the
n(Sey):--0*(Se—Cue) 3c—4e interactiort®11 The pseudo type
A—type B pairing in2 also suggests the contribution of the
N(Seue):+*0*(Se—Can) 3c—4e interaction. The*(Se—C) bonds
in 2 and3 are to act as electron acceptors. We report the crystal
structures of2 and 3, together with the nature of the
n(Se)--n(Se) interaction in the naphthalene system elucidated for 2 and 3

Figure 2. Structure of3.
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TABLE 1: Selected Crystal Data and Structure Refinement

by the MO calculations performed on the models2adnd 3. 2

3

formula

fw (g mol™?)

crystal color and habit
crystal system

. . GgH160:Se
Results and Discussion 406.24

Structure of 1-(Methylselanyl)-8-(arylselanyl)naphtha- monoclinic

colorless, prismatic

Cy7H1:CliSe
410.66
pale yellow, cubic
triclinic

lenes, 2 and 3Single crystals of and 3 were obtained via ~ SPace group P2i/n (No. 14) P1(No. 2)
slow evaporation of hexane solutions, and each of the suitable UMt cell dimens oz ézégi?l()Z}Z\A oz ?'0632(1%;&’&
crystals was subjected to X-ray crystallographic analysis. The c=129802) A  c=8565(2) A
crystallographic data are shown in Table 1. One type of structure a=111.90(2f
corresponds to each crystal. Figures 1 and 2 show the structures B =96.68(1y B = 96.55(3y
of 2 and3, respectively. Table 2 collects the selected interatomic , y = 109.99(3)
distances, angles, and torsional anglesZand 3. ;0' (A }1611'8(3) 2753'1(5)
Deviations of atoms from the least-squares planes of-€(3)  density (calcd) (g crm?)  1.674 1.811
C(4)—C(5)—C(6)—C(7)—C(10) in2 and3 are shown in Table u(Mo Ka) (cm™?) 45.84 50.74
3, together with those dfA and1B.82 The planarity of the plane F(000) 800.00 400.00
in 2 is good and that ir8 is very good. The Se(1), C(1), and 562" ‘a’;gtq (deg) 515%9 0.30 tand 15?50; 0.30 tand
C(2) atoms deviate from the planes in the minus thecqon, _and o, of obgervations 5331 5754
the Se(2), C(8), and C(9) atoms in the opposite direction. nq. of variables 191 182
Deviations of the Se atoms fhare in a range of 0.560.64 A, R 0.042 0.030
while the atoms ir8 deviate only 0.26t 0.02 A. The deviations R 0.030 0.023
of atoms are in an order & < 1 < 2. GOF 2.51 2.93
As shown in Figure 1 and Table 2, the-Séye and Se-Ca,,
1Se  2ge bonds in2 decline by about 73and 34 from the naphthyl plane,
. o Lo respectively: the torsional angles of C(2@(1)—Se(1)>C(11)
207 8 and C(10y-C(9)—Se(2-C(12) were 107.1(4)and 145.7(%),
3 | — 7 respectively. The-anisyl plane was slightly declined from the
4 % 6 naphthyl plane: the torsional angle of C{Be(2)-C(12)-
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TABLE 2: Selected Interatomic Distances, Angles, and selenium bonds. Electrophiles and nucleophiles will interact
Torsional Angles of 2 and 3 preferentially with HOMO of the n(z) and with LUMO of the
2 3 o0*(Z—R) oro*(Z—R"), respectively. Therefore, the type A and
Interatomic Distances, A type B structures belong to type | and type Il contacts in
Se(1)-C(1) 1.932(5) 1.926(3) Parthasarathy’s definition, respectively, if G in 8-G-1-(RZ&}d
Se(1)-C(11) 1.931(5) 1.954(3) is assumed to be an electrophile or nucleophile (Scheme 1).
Se(2)-C(9) 1.951(4) 1.924(3) The type A-type B pairing is equal to the type-type Il pairing,
gg%:ggé)) 13'%%4%(15()8) %3911253%”()7) which is stabilized through the electron doreicceptor interac-
C(1)-C(10) 1.'422(6) 1.'435(3) tion. The type C structure around the two chalcogen atoms must
C(9)-C(10) 1.432(6) 1.433(3) be equal to the type Il pairing, for whict values at the both
Angles, deg sites should be almost equal.
C(1)-Se(1)y-C(11) 53.8(2) 69.8(1) The conformations around the S€4, and Se-Cye bonds
Se(1)-C(1)-C(10) 122.6(4) 123.0(2) in 3 are demonstrated to be type A and type B, respectively,
C(9)-Se(2)-C(12) 98.2(2) 98.8(1) which is also recognized as the typetype Il pairing in
g‘(si)zl’cc((fg)__%(é?) g%fg’)) %gég’g)) Parthasarathy’s classification. Since the type | and type II
Se(1)-Se(2)-C(12) 166:6(2) 87:28(8) contacts are with LUMO and HOMO, respectively, the type
Se(2)-Se(1)-C(11) 129.3(2) 172.2(1) [—type Il pairing must be the HOMOGLUMO interaction. The
Torsional Angles, deg pairing must be stabilized by the cha_rge trans_f(_er (C_:T) from the
C(10)-C(1)-Se(1)-C(11) 107.1(4) 180.0(2) electron donor to the acceptor. That is, the pairing strongly
Se(1)-C(1)-C(10)-C(9) 14.9(7) 4.8(4) suggests that the interaction occurs between the n(Se) of the
C(2)-C(1)-Se(1)-C(11) —66.2(5) 1.7(2) ArSe group and the*(Se—C) of the MeSe group, which leads
C(10)-C(9)-Se(2)-C(12) 145.7(4) 78.4(2) to the n(Sg):--0*(Se—Cwne) 3c—4e type interactioA®'! The
S cny i ) o i e comouton of
C(9)-Se(2)-C(12)-C(17) —74.7(4) 14.8(3) >€7Lan) o€~ " , -
C(8)—C(9)-Se(2}-C(12 —30.0(4 —99.5(2 distorteds type 2c-4e interaction. The type C pairing of the
Cgl)l)—s(e)(l)—s(eé)—(C(l)Z) 38.6((2)) —23.8%7; distortedr type 2c-4e interaction is reported fdr. The three
C(2)~C(1)-C(10)-C(5) —9.2(7) —2.6(4) structures show that the pairing changes successively with the
C(5)-C(10-C(9)-C(8) —7.6(6) —3.2(4) substituent Y at the para-position Ir-3.
C(13) was 110.1(4) The structures around the S€ye and Me

Se—Can bonds in 2 were close to type A and type B, \ _
respectively, bearing some type C character. The nonbonded [(Sel T (SeLl
Se(1)--Se(2) distance was 3.0951(8) A, which was almost equal O OMe

to that in1 [3.048(1) and 3.091(1) A for the two structurés].

The type A and type B structures around the-8g, and Se-

Cuve bonds were demonstrated f8r(Figure 2 and Table 2).

The Se-Cye and Se-Car bonds in3 decline by about Dand

78° from the naphthyl plane, respectively: the torsional angles

of C(10)-C(1)—Se(1)-C(11) and C(10yC(9)—Se(2)-C(12)

were 180.0(2) and 78.4(2), respectively. The-chlorophenyl

plane was almost perpendicular to the naphthyl plane: the

torsional angle of C(9)Se(2-C(12)—C(13) was—165.5(2}.

The nonbonded Se(#)Se(2) distance was 3.1239(7) A, which

was somewhat longer than thoseldB.048(1) and 3.091(1) A

for the two structure§} and2 [3.0951(8) A]. It is worthwhile

to note that the SeMe groups in2 and3 are shown to be type Why does the type C pairing ih change successively and/

A and type B, respectively. Their inverse contribution to the or dramatically to the type Atype B pairing in2 and 3,

structures must be due to the difference in the electronic effectrespectively? Three types of interactions between nonbonded

of the para-substituents and 3. Se--Se atoms irl—3 should be considered for the successive
Parthasarathy et al. have suggested that there are two typeshange: (i) pure n(Seyn(Se) 2e-4e interaction, (ii)

of directional preferences of nonbonded atomic contacts with n(Se}--0*(Se—C) 3c—4e interaction, and (iii) contribution of

divalent chalcogens such as sutfuand seleniun? R—Z—R' the methyl and aryl groups, especially aforbitals of the

(Z = S and Se). Type | contacts are with electrophiles which naphthylidene group. The role of the substituents OMe and ClI

have 2--X directions in RRZ:--X where n-electrons of sulfides  at the phenyl para-positions is also important. Ab initio MO

or selenides are located, and type Il contacts are with nucleo-calculations are performed on an adduciSH--SeH (model

philes tending to lie along the extension of one of the sulfur or a), to clarify the contributions of cases i and ii, together with

TABLE 3: Deviations of Atoms from Least-Squares Planes of C(3}C(4)—C(5)—C(6)—C(7)—C(10p° in 1—3

compd Se(l) Se(2 C(1) C( C(B  C(9 c@) C(4) C(5) C(6) c() C(10)
2 —0.644 0500 —0.134 —0.119  0.103  0.134 —0.007(5) 0.009(5) 0.001(5) —0.011(5)  0.007(5) —0.001(4)
3 -0.183  0.220 —0.050 —0.039  0.043  0.058 —0.003(3) 0.004(3) 0.000(3) —0.004(3)  0.003(3)  0.000(2)

1A°  0.366 —0.372 0.075 0.019 —0.088 —0.088 —0.022(9) 0.010(9) 0.013(7)  0.006(9)—0.02(1)  0.003(7)
1B° 0.398 -0.407 0.074 0.015 —0.112 —0.108 —0.025(9) 0.011(9) 0.012(8)  0.011(9)-0.03(1)  0.004(7)

a|n A. b Conformations around MeSe apeY C¢H,Se groups ir2 and3 are just the opposite of those In ¢ Based on the structures in ref 8a.
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TABLE 4: Optimized Structures, Energies, and Natural Charges (Qn) for Model a and 8
OHaHoSeH,  OH:'SeH,

compd E (au) structure r(Se,Se) (A) (deg) (deg) QniSe) Qn(H) Qn(Hy)
B3LYP/6-31H+G(3df,2pd)
model a —4805.4884 C 3.124 74.29 91.62 —0.1650 0.0812 0.0839
model a —4805.5072 C 3.124 154.54 90.04 —0.1620 0.0837 0.0783
model a —4805.5057 Co, 3.124 180.00 90.44 —0.1752 0.0845 0.0908
model a —4805.5052 C 3.124 90.00 91.24 —0.1229 0.0865 0.0905
181.36 88.93 —0.1854 0.0789 0.0524
B3LYP/6-31HG(2d,p)
gah —5189.0663 C 3.5166 52.99 97.87 0.0993 —0.1829 0.0948
8bhi —5189.0709 C 3.1173 143.11 92.44 0.1330 —0.1699 0.0696
8c —5189.0684 Ca, 3.1047 180.00 93.13 0.1449 —0.1660 0.0768
8dhi —5189.0714 C 3.1806 72.82 95.51 0.1310 -0.1871 0.0902
172.84 91.14 0.1490 —0.169%" 0.0398

aFixed value P OH H+%SeH, being optimized witilH;H,'SeH, fixed at 180.00. ¢ OHH42SeHy. ¢ OH.2SeH,. ¢ QnESe).f Qn(Hy). ¢ Qn(Hy).
" H, and Hy should be read Cand G, respectively! All positive frequencies being predicted by the frequency analy3istee negative frequencies
being predicted by the frequency analy4iglC,Co?SeHy. ' 1Cs?SeH,. ™ Qn(G).

SCHEME 2 E/au
o

Hb - 1 g g 2g o==Hb Hb\ﬂ ...... , 12 -4805.4950

I ’ Se Se X

NN y
Ha Ha- 92 Hb'
-4805.4975 -
model a

the whole nature of the nonbonded n(Se)(Se) interaction. -4805.5025 -

Calculations are also performed on naphthalene-1,8-diselenol

(8) to elucidate the contributions of cases ii and iii. The results

are shown in the following sections. -4805.5050 -
Ab Initio MO Calculations on Model a. Scheme 2 shows

model a, HHp'Se--2SeH;Hy, where aryl, methyl, and naph-

(RTINS E | Ly

thylidene groups are replaced by hydrogens. T®e atom of 48055075 , : . :
model a is placed at the origin and tfge atom on the-axis 80 90 120 150 180
with the 1Se2Se distance fixed at 3.124 A and tHge—H, and 01/°

2Se—Hy bonds in thez-direction. Ab initio MO calculations
were performed on model a using the Gaussian94 program
with the 6-31H1+G(3df,2pd) basis sets at the B3LYP level.
The results are shown in Table 4.

Two structures of theC, symmetry were optimized to be
energy minima, the torsional anglesHa'SeH, (61) of which
weref1(=60,) = 74.2% and 154.5%; the former (model a with
0 = 74.3) is less stable than the latter (model a with= 150
154.5) by 0.0188 au (49.4 kJ mo).1> The former corresponds
to the type A pairing with the nonbonded type 2c-4e .
interaction and the latter to type C pairing with the nonbonded & 120+
7 type 2c-4e interaction observed ih

To clarify the whole nature of the nonbonded interaction

Figure 3. Plots of E; and E; of model a againsf;: O and® stand
for E; andE,, respectively.

180

model a is calculated with variously fixef;. The partial : $’

between Se atoms, the angular dependence of the energy of 90

optimization of model a with a fixed value 64, yields energies

E (E; andE,) and angle®; (621 and62,). The energie&; and 60 , : : : :
E, represent those obtained whépnis started near 154and 60 90 120 150 180

74, respectively, with a fixedd;. The values ofg; and the
corresponding,; are obtained for a trial range of & 6; < 01/°

18C, while theE, value, together witlf),,, is found in arange  Figure 4. Plots of 6, and 62, of model a againsf,: O and® stand

of 60° < 6, < 120°. The energie€; andE, are on different ~ for 621 and 0z, respectively.

energy curves, which cross @& = ca. 120: E; is represented

by Ej, if E; = E,. For examplefz; and6,, are optimized to be Why do theE; andE; curves contain energy minima @t =
181.36 and 73.08, respectively, when calculations are carried 0, = 154.54 and 74.29, respectively? The energies of the
out with 0, fixed at 90.00. In the case wheré, is fixed at HOMO and HOMO-1 are plotted againgt, which is shown
180.00, two structures are optimized: the on&is = 180.00 in Figure 5. The HOMO oE; shows a minimum at nedh =
when calculations are started @& = 180.C and the other is 0,1 = 154.5, whereas its HOMO-1 changes rather monotoni-
6,1 = 155.33 starting withf,, = 179.0. The former may not cally with 6;. On the other hand, the HOMO and HOMO-1 of
be an energy minimum. Figures 3 and 4 show the plotk of E, exhibit a maximum and a minimum at néar= 0,, = 74.3,
and 0, versus6;, respectively. respectively. The HOMO curve is more flat than that of HOMO-
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E/au
-0.20 -

(E)

-0.25
-0.30
i i T T T
60 90 120 150 180
a1/°

Figure 5. Plots of the energies of HOMO and HOMO-1 férandE;
of model a against;: O and ® stand for HOMO ofE; and E,
respectively, andd andm® for HOMO-1 of E; and E,, respectively.

1, in this case. These results show that the presence of minima

on E; andE; is the reflection of the characters of HOMO Bf
and HOMO-1 ofE,, respectively. Consequentli; andE; are
demonstrated to be HOMO- and HOMO-1-controllédespec-
tively.

Nakanishi et al.

1, 4, and5. The disappearance of the nodal plane in the distorted
7z type 2c-4e interaction may remember the "Maos type
interaction in cyclicr systems. We call it “Mbius type
stabilization in the distorted type 2¢-4e interaction”, although
the r type 2c-4e interaction does not form a ring.

Ab Initio MO Calculations on 8. Table 4 collects the results
of MO calculations performed d8t with the B3LYP/6-313-G-
(2d,p) method. The optimized structuresBaire shown byBa—
d, of which @1, 62) = (52.99, 52.99), (143.1%, 143.1%),

Hb Hb'

Hp Se 2Se‘Hb

Hp

Hb—1Se 2Se-Hb 1:e 2Se—Hb

(180.00, 180.00), and (72.82, 172.84), respectively, where

Molecular orbitals were depicted using the MacSpartan 6; and 6, are defined as torsional angles 0§'SeH, and
progranmt” with 3-213" basis sets employing the structures C;Cy2SeH;y, respectively. Although all positive frequencies are

given in Table 4. Figure 6 shows HOMO and HOMO-1 of
model a withd = 74.3 (a), 154.5 (b), 180.0 (c), and 01, 62)
= (90.0%, 181.2) (d). Characters of the interactions aréype
2c—4e (a), distortedr type 2c-4e (b), undistortedr type 2¢c-
4e (c), and n(Seyo*(Se—H) type 3c-4e interactions (d)
between the nonbonded ‘S&e atoms. Model a withgg, 62)
= (90.C?, 181.4) (d) is less stable than that with= 154.5
(b) by 0.0020 au (5.3 kJ mol) and slightly less stable than
that with & = 180.0°(c) by 0.0005 au (1.3 kJ mol). The
electron donotacceptor interaction does not effectively con-
tribute to the n(Sej-n(Se) interaction in model a, although that
with (61, 62) = (90.C%, 181.4) (d) is more stable than that with
0 = 74.3 (a) by 0.0168 au (44.1 kJ md).

It is worthwhile to note that the explicit nodal plane in the
undistorteds* orbital between the nonbonded ‘&&e atoms
disappears in the distorted* orbital (Figure 6). The disap-

predicted by the frequency analysis %@, 8b, and8d, three
negative frequencies are predicted 8w which is optimized
when calculations are carried out assuming®@gsymmetry.
The conformeBd is most stable, which is a striking difference
from the case of model a8d is more stable thaBia and8b by
0.0051 au (13.4 kJ mod) and 0.0005 au (1.3 kJ nid),
respectively. The HOMO and HOMO-1 8&—d are essentially
the same as those of model a shown by pattd & Figure 6,
respectively.

The most stable structure in model a witk= 154.5 changes
to 8d. The large energy difference between model a With
154.5 and that withg = 74.3 (0.0188 au) decreases to 0. 0046
au betweer8b and 8a, which must be not only due to the
interaction with ther orbitals of the naphthalene ring but also
due to the increased SeSe distance it8a. Model a with6 =
154.5, together with8b, and8d correspond to those df and

pearance of the nodal plane between the two Se atoms musB, respectively. The results show that the structuret afid3

stabilize model a witl# = 154.5, which may avoid the severe
exchange repulsion of tha type 2c-4e interaction more
effectively?® and be the driving force for the type C pairing in

Figure 6. HOMO (upper) and HOMO-1 (lower) of model a with= 74.3 (a), with & = 154.5(b),

are mainly governed by the type 2c-4€% and the n(Se)-

0*(Se—C) 3c—4e interactions with the aid of the orbitals of
the naphthalene ring. The aryl and methyl group%-#8 must

Ky
48 g

1

s
o=

==

N
with & = 180.0 (c), and with 04, 62) =

(90.¢, 181.4) (d). The nodal planes are shown by dotted lines for parts a and c.
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also play an important role in determining the structures, since solid, similarly to the case fot:82 91% yield; mp 86.6-87.0
the energy difference betwe@t and8d is so small. °C; IH NMR (CDCl;, 400 MHz) 2.38 (s, 3HJ (Se,H)= 13.4
The magnitude of CT is a good measure to gauge the natureHz), 3.79 (s, 3H), 6.83 (dd, 2H, = 8.6 and 2.2 Hz), 7.17 (t,
of the nonbonded interaction between Se atoms. Natural chargeslH, J = 7.7 Hz), 7.33 (t, 1HJ = 7.7 Hz), 7.45 (dd, 2HJ =
(Qn) were calculated for the conformers of model a &d 8.1 and 2.2 Hz), 7.45 (dd, 1H,= 6.8 and 1.1 Hz), 7.64 (dd,
applying the natural population analy$fsThe results are also  IH, J = 8.1 and 1.0 Hz), 7.70 (dd, 1H,= 8.0 and 1.1 Hz),
collected in Table 4. The Q#e), Qn{Se), and Qn(kl) values 7.79 (dd, 1HJ = 7.3 and 1.1 Hz)!3C NMR (CDCk, 100 MHz)
in model a with @1, 02) = (90.C°, 181.4) were calculated to 13.90 8 = 71.2 Hz,%J = 15.7 Hz), 55.23, 115.17, 124.73,
be more positive, negative, and negative, respectively, relative 125.70, 125.84, 128.26, 128.75, 131.25, 133.10, 133.50, 133.64,
to corresponding values in model a with= 74.3 and that 134.94, 135.80, 136.472Y = 115 Hz), 159.69;’Se NMR
with 180.0. The changes amount to 0.042Qn(Se) of model (CDCls, 76 MHz) 424.5, 233.1%)(Se,Se)= 341.6 Hz). Anal.
a with (01, 62) = (90.C°, 181.4) — Qn(Se) of that withd = Calcd for GgH16Se0;: C, 53.22; H, 3.97. Found: C, 53.35;
74.3], —0.010, and—0.038, respectively. The total CT from H, 3.90.
an HSe molecule to another amounts to 0.054, which shows ]_-(|\/|ethy|se|any|)-8-¢).ch|oropheny|se|any|)naphtha|ene (3)
the large contribution of the #e}-0*(?’Se—Hy) 3c—4e type Following a method similar to that f&, 3 was obtained starting
interaction in this structure. Similarly, changes in &8¥), Qn-  from bis[8-(-chlorophenylselanyl)naphthyl]-1;diselenide {0)
(*Se), and Qn(K) in 8d from the corresponding values 8a in 87% yield as a colorless solid: mp 78:39.5°C; IH NMR
and8care 0.032, 0.004, an€l0.037, respectively, whereas those  (CDCl,;, 400 MHz) 2.34 (s, 3HJ)(Se,H)= 13.9 Hz), 7.19 (dd,
for other atoms were less than 0.005. The results are in2H, J = 8.6 and 2.2 Hz), 7.24 (t, 1Hl = 7.7 Hz), 7.31 (dd,
accordance with the large contribution of théSg)--o*(?Se— 2H,J = 8.8 and 2.2 Hz), 7.36 (t, 1H] = 7.7 Hz), 7.60 (dd,
Hy) 3c—4e interaction also ifgd. 1H,J = 7.3 and 1.5 Hz), 7.71 (dd, 1H,= 7.1 and 1.2 Hz),
The change in the structure bto those o2 and3 in crystals 7.73 (dd, 1HJ = 6.8 and 1.1 Hz), 7.74 (dd, 1H,= 7.3 and
must be accounted for on the basis of the electronic properties1.2 Hz):;13C NMR (CDCk, 100 MHz) 13.43%J = 72.8 Hz,5J
of the MeO and Cl groups at the para-positions. Both substi- = 15.7 Hz), 125.96, 125.99, 128.42, 129.49, 130.86, 131.72,

tuents withdraw electrons inductivelg;[OMe) = 0.27 andy- 132.67, 133.50, 133.60, 134.49 & 12.4 Hz), 135.26, 135.59,
(Cl) = 0.46], but they donate electrons by the resonance 135.83;7’Se NMR (CDC}, 76 MHz) 431.6, 234.7%0(Se,Se)
mechanism¢r°(OMe) = —0.45 andur®(Cl) = —0.23]2° Since = 316.7 Hz). Anal. Calcd for GH1sSeCly: C, 49.72; H, 3.19.

the magnitude of the substituent effects is different for MeO Found: C, 49.77; H, 3.23.

and Cl groups, the observed effect on the structures can be the - gjg[g-(p-methoxyphenylselanyl)naphthyl]-1, 1-diselenide (9).
inverse for the two groups if the resonance effect of OM2in - 14 4 solution of the dianion of naphto[1¢8d]-1,2-diselenole,
and the inductive effect of Cl ir8 are predominant in the  \yhich was prepared by reduction of the diselenole with NaBH
structures. The electron-donating ability of theanisyl and in an agueous THF, was addeemethoxybenzenediazonium
p-chlorophenyl groups is expected to be larger and smaller thancp)grige at low temperature. After the usual workup, the solution
that of the methyl group in these cases, judging from their \yas chromatographed on silica gel containing acidic alumina.
structures. _ _ Recrystallization of the chromatographed product from hexane
The character of the structures o3 is summarized as  gave9 as a yellow solid: 69% yield; mp 143:845.0°C; H
follows: (a) The contribution of the n(Sejn(Se)x type 2¢c- NMR (CDCls, 400 MHz) 3.74 (s, 6H), 6.75 (dd, 4H,= 8.9
4e interaction is predominant thand negligible ir8;2! (b) the and 2.6 Hz), 7.18 (t, 2H] = 7.8 Hz), 7.32 (t, 2HJ = 7.6 Hz),
n(Se)--0*(Se-C) 3c-4e type interaction contributes to the 732 (dd, 4HJ = 9.0 and 2.7 Hz), 7.67 (dd, 2H,= 8.0 and
structures of2 and 3; and (c) the interaction between Se and g g Hz), 7.79 (dd, 2HJ = 8.1 and 1.0 Hz), 7.86 (dd, 2H,=
Y22 through thez-orbitals of the SegH,Y group determines 72 and 1.4 Hz), 8.14 (dd, 2H,= 7.5 and 1.0 Hz)3C NMR
which Se atom (or SeC bond) in2 or 3 acts as an electron  (cpcl,, 22.4 MHz) 55.27, 115.06, 125.28, 125.82, 126.52,
donor (or an acceptor) in the 3de interactior?® The structures 128.33, 129.78, 130.25, 130.57, 132.74, 133.42, 135.39, 136.14,
of 1-3 are well-explained by the MO calculations on model a 137 39 159.2477Se NMR (CDC#4, 68.68 MHz) 416.2, 541.4

and8. The steric effect between the naphthyl protons at the 7- (43se Sej= 371.6 Hz). Anal. Calcd for GH60,Se;: C, 52.19;
and/or 2-positions and theYCeH4 and/or Me groups in type 335, Found: C, 52.45: H, 3.36.

B must also be taken into account when the structures are . : :

. . . ) Bis[8-(p-chlorophenylselanyl)naphthyl]-1,1-diselenide (10).
dFlesgusseS in more detail. Studies on the structures of 8-G-1- ., - \athod similar to that fo®, 10 was given, starting from
(RSe)GoHe are in progress. the dianion of naphto[1,8:d]-1,2-disenole andp-methoxy-

. . benzenediazonium chloride: 68% yield as a yellow solid; mp

Experimental Section 185.0-186.0°C; *H NMR (CDCls, 400 MHz) 7.13 (br s, 8H),

Chemicals were used without further purification unless 7.16 (t, 2H,J = 7.8 Hz), 7.38 (t, 2HJ = 7.7 Hz), 7.70 (dd,
otherwise noted. Solvents were purified by standard methods.2H, J = 8.0 and 0.8 Hz), 7.88 (dd, 2H,= 8.2 and 1.1 Hz),
Melting points were uncorrectetH, 13C, and’’Se NMR spectra ~ 7.94 (dd, 2H,J = 7.2 and 1.3 Hz), 8.02 (dd, 2H,= 7.5 and
were measured at 400, 100, and 76 MHz, respectively!fihe 1.1 Hz);3C NMR (CDClk, 22.4 MHz) 125.95, 126.75, 127.26,
13C, and’’Se chemical shifts are given in ppm relative to those 128.43, 129.42,130.19, 131.28, 131.65, 132.48, 132.91, 133.82,
of internal CHC}, a slight contaminant in the CDgbolvent, 135.62, 136.36, 139.01/Se NMR (CDCH4, 68.68 MHz) 429.1,
internal CDC4 in the solvent, and external MeSeMe, respec- 534.7 (J(Se,Se)= 330.1 Hz). Anal. Calcd for &Hz0SeCly:
tively. Column chromatography was performed on silica gel C, 48.58; H, 2.55. Found: C, 48.77; H, 2.56.

(Fujisilysia BW-300) and acidic alumina (E. Merck). X-ray Structural Determination. The intensity data were
1-(Methylselanyl)-8-(-methoxyphenylselanyl)naphtha- collected on a Rigaku AFC5R four-circle diffractometer with
lene (2). Bis[8-(p-methoxyphenylselanyl)naphthyl]-1;di- graphite-monochromated Mod<radiation ¢ = 0.71069 A) for

selenide 9) was reduced by NaBHin an aqueous THF and 2 and3. The structures o2 and3 were solved by heavy-atom
then allowed to react with methyl iodide to gi2es a colorless Patterson methods, PATT3, and expanded using Fourier
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techniques, DIRDIF94% All the non-hydrogen atoms were
refined anisotropically. Hydrogen atoms were included but not
refined. The final cycle of full-matrix least-squares refinement
was based on a total of 2331 reflections Zoand on 2754 for

3, with 191 observed reflection$ p 1.505(1)] for 2 and 182

for 3. Variable parameters and converged with unweighted and

weighted agreement factors Bf= (3 ||Fo| — |Fc||)/Y |Fo| and
R, = {Jw(|Fo| — |F)¥> wF.3 Y2 were used. For least squares,
the function minimized was w(|Fy| — |F¢)% wherew =
(02 Fo| + p?IFo|%4)~1. Crystallographic details are listed in
Table 1.

MO Calculations. Ab initio molecular orbital calculations

were performed on an Origin computer using the Gaussian94

program with 6-31%++G(3df,2pd) basis sets at the DFT
(B3LYP) level on model a. The B3LYP/6-3%#15(2d,p) method
was employed for the calculations & The molecular orbitals

were drawn by a Power Macintosh 8500/180 personal computer

using the MacSpartan Plus program (Ver. 1.0) with 3-91G
basis sets.
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