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Table 2. Selected bond distances (A) and angles (°) for

[PPh,].[Pb,WSe,),]

Pb—W(1) 3679 (1) W(1)—Se(4) 2352 (1)
P—W(2) 3769 (1) W(2)—Se(5) 2345 (1)
Pb—W(2)’ 3872 (1) W(2)—Se(6) 2325 (1)
Pb—Se(3) 2904 (1) W(2)—Se(7) 2324 (1)
Pb—Se(4) 2942 (1) W(2)—Se(8) 2283 (1)
Pb—Se(5) 3124 (1) P(1—C(1) 1770 (10)
Pb—Se(5)’ 3185 (1) P(1)—C(7) 1-795 (10)
Pb—Se(6) 2984 (1) P(1)—C(13) 1794 (10)
Pb—Se(7)’ 3121 (1) P(1)y—C(19) 1-803 (10)
W(1)—Se(l) 2285 (1) P(2)—C(25) 1-809 (10)
W(1)—Se(2) 2298 (1) P(2—C(1) 1-785 (11)
W(1)—Se(3) 2:343 (1) P(2—C(37) 1813 (10)

P(2—C(43) 1:794 (1)
Se(3)—Pb—Se(4) 7923 (3) Se(1)—W(1)—Se(4) 110:69 (5)
Se(3)—Pb—Se(5) 16932 (4) Se(2—W(1)—Se(3) 11033 (5)
Se(3)—Pb—Se(5)’ 96-71 (3) Se(2—W(1)—Se(4) 112:41 (5)
Se(3)—Pb—Se(6)- 93-40 (3) Se(3)—W(1)—Se(4) 10512 (4)
Se(3—Pb—Se(7)’ 9810 (3) Se(Sy—W(2)—Se(6) 107-33 (4)
Se(4)—Pb—Se(5) 102:97 (3) Se(S—W(2)—Se(7) 10776 (4)
Se(4)—Pb—Se(S)’ 17090 (3) Se(S—W(2)—Se(8) 11151 (5)
Se(d)—Pb—Se(6) 9613 (4) Se(6)—W(2)—Se(7) 11046 (5)
Se(4)—Pb—Se(7) 9891 (3) Se(6y—W(2)—Se(8) 10975 (5)
Se(5)—Pb—Se(5) 82:54 (3) Se(7)—W(2)—Se(8) 109-98 (4)
Se(5)—Pb—Se(5) 76:01 (3) W(1)—Se(3)—Pb 8836 (4)
Se(5y’—Pb—Se(6) 9222 (3) W(1)—Se(4—Pb 87:29 (4)
Se(5)—Pb—Se(7) 91-92 (3) W(2)—Se(5—Pb 8589 (3)
Se(Sy'—Pb—Se(7) 73-46 (3) W(2)—Se(S)—Pb’ 87:51 (4)
Se(6)—Pb—Se(7) 16253 (4) W(2)—Se(6)—Pb 89-55 (4)
Se(1—W(1)—Se(2) 108:65 (5) W(2)—Se(T—Pb’ 89-43 (4)
Se(1)—W(1)—Se(3) 109-59 (5) Pb—Se(5—Pb’ 97-46 (3)

structure. Each is tetrahedrally coordinated by four
Se atoms. One WSe, tetrahedron is edge shared to a
PbSeq octahedron while the other contributes the Se
vertices that are edge shared between PbSeq octa-
hedra. The distances (Table 2) from Pb to the doubly
bridging Se are 2:904 (1) to 3-121 (1) A, shorter than
those to the triply bridging Se atoms 3-124 (1)
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[P(CeHs)ald M2(WSe.)s) (M = Pb,Sn)

3-185(1) A. The angles around Pb vary from
7346 (3) to 170-90 (3)°; the distortion in part prob-
ably arises from the lone-pair electrons on the Pb**
center. The Se—W(l)—Se angles range from
105-12 (4) to 112-41 (5)°, showing slightly wider
variation than the Se—W(2)—Se angles [107-33 (4)
to 111-51 (5)°]. The distances from W(2) atoms to the
triply bridging Se(5) atoms [2-345 (1) A] are slightly
longer than those to the doubly bridging Se(6)
[2:325 (1) A] or Se(7) [2-324 (1) A] atoms. The termi-
nal W—Se distances of 2-283 (1)-2-289 (1) A are
comparable with those of 2:281 (1)-2-292 (1) A in the
W.,Se2™ (Lu, Ansari & Ibers, 1989) and 2-281 (1)}~
2288 (1) A in the NiWSeZ~ anions (Ansari, Chau,
Mabhler & Ibers, 1989).

This research was supported by the US National
Science Foundation Grant No. CHE 89-22754.
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Structure of Dichloro[1-(4-methoxyphenyl)iminomethyl-2-naphtholato]-
diphenyltin(IV)
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Abstract. [SnCIZ(CISHl5N02)2(€6H5)2]a CsHaoCLLN2-
0,Sn, M, = 89846, triclinic, P1, a=10-291 (1), b=
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0108-2701/91/081602-03$03.00

12:332 (1), ¢=8895(1)A, a=7062(1), B=
8030 (1), y=7262(1)°, ¥=1013 (1) A3, Z=1, D,
= 1-451 (flotation), D, = 1-473 Mgm ™3, A(Mo Ka)
=0-71069 A, x =0728 mm~', F(000)=458, T=
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295 K, R = 0-0415 for 2928 observed reflections, I >
2-5a(I). The complex possesses octahedral geometry
and trans configuration of ligands about the Sn atom
which is bonded to two Cl atoms, two phenyl groups
and two 2-hydroxy-1-naphthalideneanisidine moie-
ties. The H(N)--O distance of 1-874 A shows the
presence of a hydrogen bond. There is also an
observed shift of the phenolic proton of the ligand to
the imine N atom.

Introduction. The coordinative interactions of
organotin(IV) halides with 2-hydroxy-1-napth-
alideneaniline having different substituents in the
aniline fragment have attracted considerable atten-
tion in recent years.

From infrared studies of the 1:2 adducts of such
interactions, Srivastava & Chauhan (1977) inferred
that coordination occurs at the azomethine N atom
present in the ligand. A similar mode of coordination
is apparently also observed when the ligand interacts
with tin(I) halides (Dwivedi, Bhatnagar &
Srivastava, 1986).

However, crystallographic studies by Charland,
Lee, Gabe, Khoo & Smith (1987) have refuted the
above proposal and demonstrated that only the
phenolic O atom is coordinated to the Sn atom.
These workers further showed that the 3:2 adduct
obtained from the interaction of triphenyltin halide
with the ligand has a five-coordinate trigonal bipy-
ramidal structure.

Similar work involving tin tetrachloride and
mono- and diorganotin halide with salicycli-
deneaniline (Saraswat, Srivastava & Mehrotra, 1979;
Kamwaya & Khoo, 1985) have resulted in the for-
mation of 1:2 adducts having an essentially octahe-
dral geometry about the tin atom.

In this paper we report a full structural investiga-
tion of the title adduct.

Experimental. An aqueous mixture of Ph,SnCl, was
prepared by dissolving 2-5mmol (0-8595g) of
Ph,SnCl, in CH,Cl,. The solution was then mixed
with 5:0 mmol (1-3865g) of 1-(4-methoxyphenyl-
imino)methyl-2-naphthol which was originally
dissolved in dichloromethane. The final solution was
then filtered and allowed to stand. Red crystals
of dichloro-1-(4-methoxyphenyl)iminomethyl-2-
naphtholato]diphenyltin(IV) were obtained.
Preliminary Weissenberg and Buerger precession
photographs yielded approximate cell dimensions
and showed triclinic symmetry. Data collection on
crystal 0-5 % 0-5 x 0-2 mm, Syntex P2, diffractom-
eter, 260/ scan with data index A —12—12, k —10
—10, / 0—9; to a 26 limit of 52°. Variable scan
speed of 5:0-29-3°min~'. One standard reflection
(132) checked every 15 reflections: no significant
deviation. Data corrected for Lorentz and polari-
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zation effects. 3626 reflections were collected, 3389
unique (R, = 0-0435), of which 2928 observed
reflections with > 2-50(I) were used for structure
refinement.

Structure solved using SHELXS86 (Sheldrick,
1986) and refined using SHELX76 (Sheldrick, 1976)
with coefficients of scattering factors included in
SHELX76. Space group P1 confirmed from success-
ful solution and refinement of structure. Structure
determination and refinement performed on IBM
4361/4381. Refinement by full-matrix least squares
based on F with idealized riding H atoms (C—H
0-96 A); anisotropic refinement for non-H atoms,
isotropic refinement for H atoms. In order to correct
the observed structure factors for absorption effects,
program ABSORB (Ugozzoli, 1987) was used (max.
and min. correction factors were 1-:3790 and 0-6193
respectively). Final agreement factors were R=
0-0415, wR=10-0441. Weight for every observed
structure factor calculated according to w = 12-033/
[0X(F) + 0-000058|F13]. (4/0)max = 1298, Appmax =
0-794, Apmin= —0699 e A™3 no extinction correc-
tion. Geometrical calculations performed with
XANADU (Roberts & Sheldrick, 1979) and illustra-
tion drawn with ORTEP (Johnson, 1965).

Discussion. The final atomic coordinates and equiva-
lent isotropic thermal parameters for the non-H
atoms are given in Table 1.* Bond distances and
angles are listed in Table 2. Fig. 1 shows a perspec-
tive view of a molecule.

The complex possesses octahedral geometry and a
trans configuration of ligands about the Sn atom
which is bonded to two Cl atoms, two phenyl groups
and two 2-hydroxy-1-naphthalideneanisidine moie-
ties. The coordination bond angles involving the
equivalent trans ligands are 180° while the other
angles vary from 84-2 to 95-2°.

The Sn—C (Ph) distance of 2-147 (4) A is within
the range of Sn—C (Ph) distances (2:105-2-160 A)
reported in the literature (Harrison, King &
Richards, 1974) while the Sn—O bond length of
2:228 (3) A is close to that found in the Me,SnCl,.-
salicylideneaniline adduct (2-262 A; Kamwaya &
Khoo, 1985).

One salient feature of the structure is the observed
shift of the phenolic proton of the ligand to the imine
N atom. As such, the Schiff-base ligand is related to
tin in the form of a zwitterion. Such proton transfer
has been similarly observed elsewhere (Gabe, Lee,

* Lists of structure factors, anisotropic thermal parameters,
bond distances and angles involving H atoms and H-atom param-
eters have been deposited with the British Library Document
Supply Centre as Supplementary Publication No. SUP 53931 (16
pp.). Copies may be obtained through The Technical Editor,
International Union of Crystallography, 5 Abbey Square, Chester
CHI1 2HU, England.
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Table 1. Atomic coordinates (x10%) and B (A?
values for non-H atoms with e.s.d’s in parentheses

B, =87%(Uy, + Up + Uss)/3.

x y z By
Sn(1) 5000 5000 5000 424
CI(1 6586 (1) 4450 (1) 7206 (1) 560
o(l) 6888 (3) 5108 (3) 3374 (8) 527
(1) 4451 (3) 6827 (4) 4976 (5) 476
@) 4496 (5) 7104 (5) 6349 (6) 569
C@3) 4104 (5) 8274 (5) 6349 (7) 6-81
C(4) 3676 (5) 9179 (5) 5014 (8) 702
Ce5) 3629 (6) 8919 (5) 3663 (8) 719
C(6) 4004 (5) 7749 (4) 3632 (6) 574
(o)) 7375 (4) 5744 (4) 2066 (S) 4-54
C@®) 8793 (4) 5675 (3) 1817 (5) 396
(o)) 9327 (4) 6452 (4) 392 (5) 448
C(10) 8430 (5) 7240 (4) ~778 (5 506
C(11) 7049 (5) 7204 (5) —521 (6) 611
C(12) 6535 (4) 6511 (4) 813 (6) 597
C(13) 10692 (5) 6495 (4) 97 (5) 546
C(14) 11145 (6) 7246 (5) —1248 (6) 668
C(15) 10262 (7) 8036 (5) —2382 (6) 695
C(16) 8918 (6) 8011 (5) —2154 (6) 640
c(17) 9705 (4) 4808 (4) 2911 (5) 418
N(1) 9372 (3) 4087 (3) 4237 (4) 4:36
C(18) 10267 (4) 3141 (3) 5305 (5) 419
Cc(19) 11666 (4) 3031 (4) 5170 (5) 470
C(20) 12478 (4) 2090 (4) 6239 (6) 524
C21) 11926 (5) 1288 (4) 7425 (5) 543
C(22) 10548 (5) 1383 (5) 7543 (6) 631
c(23) 9728 (4) 2318 (4) 6481 (6) 579
o) 12814 (5) 389 (4) 8405 (5) 8:27
C(24) 12539 (14) —303 (10) 9559 (11) 18-56

Fig. 1. A perspective view of the molecule.

Khoo & Smith, 1985, 1986; Khoo, Charland, Gabe
& Smith, 1987).

A six-membered ring is formed as a result of the
intramolecular hydrogen bonding. The H(N)---O dis-
tance of 1-874 A shows the presence of a hydrogen
bond. Protonation of the nitrogen effectively pre-
vents that atom from any coordinative interaction
with the tin atom in all cases where such a phenom-
enon is observed.

The authors wish to thank the referees for their
helpful suggestions with regard to attempting the
solution in the centrosymmetric space group. R&D

[SnCly(C,sH,sNO,),(CsHs),]

Table 2. Bond distances (A) and angles (°) with e.s.d.’s
in parentheses for non-H atoms

Cl(1)—Sn(1) 2:552 (1) C(11)—C(10) 1-413 (7)
C(1)—Sn(1) 2228 (3) C(16)—C(10) 1-400 (7)
C(1y—Sn(1) 2:147 (9) C(12y—C(11) 1-343 (7)
C(n—o() 1-286 (5) C(14y—C(13) 1-357 (6)
Ccy—C(1) 1-384 (6) C(15—C(14) 1-386 (8)
C(6)y—C(1) 1:380 (6) C(16—C(15) 1-372 (8)
C(3)y—C(2) 1:378 (7) N(1)»—CQ17) 1-284 (5)
C(4)—C(3) 1-361 (7) C(18)—N(1) 1-425 (5)
C(5y—C4) 1-354 (8) C(19y—C(18) 1:392 (5)
C(6—C(5) 1-387 (7) C(23y—C(18) 1:367 (6)
C(8)—C(7) 1-420 (5) C(20—C(19) 1-380 (6)
C12—C(7) 1-421 (6) C(21Y—C(20) 1-362 (6)
C(9—C(8) 1-449 (6) C(22)—C(21) 1:376 (6)
C(17y—C(8) 1-411 (5) 02—C(21) 1:359 (5)
C(10—C(9) 1-413 (6) C(23—C(22) 1:378 (6)
C(13—C(9) 1-399 (6) C(24Y-0(2) 1-152 (12)
C(1)y—Sa(1)—Cl(1) 84-2(1) C(16)—C(10y—C(9) 1203 (4)
C(1y—Sn(1)—CI(1) 900 (1) C(16—C(10—C(11) 121-8 (4)
C(1)—Sn(1}—0(1) 952 (1) C(12—C(11)—C(10) 123-4 (4)
C(7—O(1)y—Sn(1) 143-5(2) C(11)y—C(12y—C(7) 121-1 (4)
C(2—C(1)—Sn(1) 120:0 (3) C(14)—C(13)—C(9) 1221 (5)
C(6—C(1y—Sn(1) 1217 (3) C(15—C(14—C(13) 121-3 (5)
C(6)—C(1)—C(2) 118-3 (4) C(16)—C(15—C(14) 118-5 (5)
C3r—C—m 1200 (5) C(15—C(16)—C(10) 121-0 (5)
CA—C(3r—C(2) 121-4 (5) NQO1)»—C(17—C@8) 1259 (3)
C(5—C(4)—C(3) 119-1 (5) CO8—N(1)—C(17) 127-3 (3)
C(6)—C(5—C(4) 120-8 (5) C(19—C(18)—N(1) 1218 (4)
C(5y—C(6)y—C(1) 120-4 (5) C(23y—C(18)y—N(1) 118-5 (3)
CE—C(N—O(1) 1203 (4) C(23)—C(18)y—C(19) 119-7 (4)
C(12)—C(71—0(1) 1219 (4) C(20y—C(19—C(18) 119-0 (4)
C(12—C(7—C(8) 117-8 (4) C(21)—C(20y—C(19) 1209 (4)
COr—C(8)—C(7) 1203 (3) C(22—C(21)—C(20) 120-2 (4)
C(17)—C@®)»—C(M 120-4 (4) 0O(2y—C(21y—C(20) 116:3 (4)
C(17—C(8—C(9) 1193 (3) 02 —C(21—C(22) 123-4 (5)
C(10—C(9—C(8) 119:2 (4) C(23—C(22—C(21) 119-3 (4)
C(13)—C(9)—C(8) 124-1 (4) C(22—C(23)—C(18) 1209 (4)
C(13)y—C(9—C(10) 1167 (4) C(24)—0(2y—C(21) 126-7 (8)
C(11)—C(10)—C(9) 117-8 (4)

grant No. 123/3203/2504 from the Malaysian
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