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(Johnson, Lewis, Raithby & Suss, 1979), (u-H)-
Ru3(CO),4(u-COMe) (Johnson, Lewis, Orpen,
Raithby & Suss, 1979; Churchill, Beanan, Wasser-
man, Bueno, Rahman & Keister, 1983) and (x-Au-
PPh;)Ru;(CO),o(-COMe) (Green, Mead, Mills,
Salter & Stone, 1982; Bateman, Green, Mead, Mills,
Slater, Stone & Woodward, 1983) and the iron clus-
ter (u-H)Fe;(CO),o(-COMe) (Shriver, Lehman &
Strope, 1975) have structures similar to the Os
system.

The feature of interest in (u-H)Os;(CO);o(ue-
COCH,C) is the p-halomethoxy ligand. It symmet-
rically spans the Os(2)—Os(3) edge along with the
wp-hydride ligand. This type of multiple bridging is
also observed in the clusters mentioned above. The
metal—C bond distances and bond angles associated
with the bridging —COCH,Cl unit [Os(2}—C(231) =
1-986 (7), Os(3)—C(231) = 2-001 (7), C(231)—0(231)
=1:330(7) A, Os(2)—C(231)—0s(3) =91-6 (3),
Os(2)—C(231)—0(231) = 127-7 (5), Os(3)—
C(231)—0(231) = 140-8 (6)°] are comparable to
those found for the bridging —COMe unit found in
(u-H)Ru3(CO),o(-COMe) (Churchill et al., 1983)
[Ru—C = 1-978-1-991, C—0=1305(5) A,
Ru—C—Ru = 9062 (2), Ru—C—0 = 128:6-140-3°]
or (Johnson, Lewis, Orpen et al., 1979) [Ru—C =
1-976-1-978, C—O0=1-299 (8) A, Ru—C—Ru=
90-3 (3), Ru—C—O = 128-9-140-2°] and
(1-AuPPh;Ru;(CO),o(-COMe) (Green et al., 1982)
(Ru—C = 1:94-1-99 A) or (u-AuPPh;)Os;(CO),o(-
COMe) (Farrugia, 1986) (Os—C = 1-98-2:02, C—O
=1-28-1-30 A, Os—C—Os = 92-0-92-2°). The title
compound is also similar to the carbyne cluster
(1-H)O0s,(CO),o(-CCH,CHMe,;) (Green et al.,
1984) with respect to the —CCH,CHMe, bridging
moiety [Os—C range of 1:966-2:020 A, Os—C—Os
=92-2 (8)°]. For the Os—H—Os bridge bond dis-
tances and angles are essentially equivalent in all
these clusters.

Acta Cryst. (1990). C46, 2088-2091
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5,5-Dichloro-10,11-dihydrodibenzo|b, f ]stannepine
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Abstract. C,.H,,CLSn, M, =369-85, monoclinic,
P2/n, a=11405(2), 5=8106Q2), c=
16-090 (4) A, B=10572(2)°, V=14319(6) A3, Z

0108-2701/90/112088-04503.00

=4, D,=1716 Mgm™3, F(000) =720, A(Mo Ka)
=0-71073 A, p =2-14mm™", T=291 (1) K, final R
=0-023 for 2390 unique reflexions [F = 3-00(F)].
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Two Cl atoms and two C(benzene) atoms are in
slightly distorted tetrahedral positions around Sn,
which is part of the seven-membered central stanne-
pine ring. The tricyclic framework exhibits a folded
boat conformation. The dihedral angle between the
planes of the two benzene rings is 155-2 (1)°. Inter-
molecular coordination via Sn—Cl interaction does
not exist.

Introduction. Diorganotin compounds R,SnX, are
usually polymeric in the solid state when X is an
electronegative ligand like a halide and when there
are no sterical implications. Thus in Me,SnCl, bridg-
ing Cl atoms form the equatorial plane of an octahe-
dron around Sn, the two Me groups being in axial
positions (Davies, Milledge, Puxley & Smith, 1970).
In contrast, bis(biphenyl-2-yl)tin dichloride is a
monomer with two Cl and two C(biphenylyl) atoms
in a heavily distorted tetrahedral environment
around Sn (Baxter, Holt & Zuckerman, 1985). In the
context of investigations on the acceptor properties
of Sn in R,SnX, (R,Sn = stannacycle) we were inter-
ested to find out if Sn being a ring member retains its
ability to take part in X—Sn—JX bridging forming
a polymer in the solid state or if such R,SnX; com-
pounds are monomeric avoiding coordination to pre-
vent additional constraints in the central ring. The
first structure of a stannacycle is reported in the
present paper; it shows that the title compound is
monomeric in the solid state.

Experimental. The title compound was prepared
from 2,2’-dilithiobibenzyl and SnCl, in Et,O, similar
to a procedure given by Kuivila & Beumel (1958).
Single crystals were obtained from a solution of 1 g
in 10 ml Et,0 and 40 ml n-pentane after 2 weeks at
248 K. Crystal size ~0-50 x 0-44 < 0-16 mm, D,, not
determined, /20 scan, scan speed 1-50-14-65°
min~' in @, scan width (1-2 + dispersion)°; Nicolet
R3m/V  diffractometer, graphite-monochromated
Mo Ka; lattice parameters from least-squares fit with
25 reflexions up to 26 = 30-02°; w scans of low order
reflexions along the three crystal axes showed accept-
able mosaicity; six standard reflexions (611, 040, 004,
611, 040, 004) recorded every 2-5h, only random
deviations over 31-4h of X-ray exposure; 4065
reflexions measured, 3-0 <20 <50:0°, —14<h < 14,
—10=k =10, —20 =/ =< 20; after averaging (R, =
0-029): 2496 unique reflexions, 2390 with F=
3-00(F); Lorentz—polarization correction and
absorption correction via ¢ scans, max./min. trans-
mission 0-96/0-68; systematic absences (h0)) h+ 1 =
2n+1, (0k0)k=2n+1 conform to space group
P2,/n; structure solution by direct methods, AF syn-
theses and full-matrix least-squares refinement with
anisotropic temperature factors for all non-H atoms
and a common isotropic temperature factor for H
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atoms, which were placed in geometrically calculated
positions (C—H 0-96 A); refinement on F with 2390
reflexions and 155 refined parameters; w = 1-0/[c*(F)
+ (0-000413 F?)] which led to featureless analysis of
variance in terms of sin@ and F,; S = 1-51, R = 0-023,
wR = 0-029, (4/0)max = 0-035; largest peak in final
AF map =0-4(1)e A3 atomic scattering factors
for neutral atoms and real and imaginary dispersion
terms from International Tables for X-ray Crystallog-
raphy (1974, Vol. IV, Tables 2.2B, 2.3.1); programs:
PARST (Nardelli, 1983), SHELXTL-Plus (Sheldrick,
1987), PCK83 (Williams, 1984), PLATON (Spek,
1982), MISSYM (Le Page, 1987).

Discussion. The structure of the title compound
together with the numbering scheme is shown in Fig.
1 and a stereoscopic view of the unit cell in Fig. 2.
Positional parameters and the equivalent values of
the anisotropic temperature factors for the non-H
atoms are given in Table 1.* Bond lengths, bond
angles, and least-squares planes and a dihedral angle
are given in Table 2.

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53150 (12 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.

Fig. 1. General view (SHELXTL-Plus graphic) of the molecule,
showing the atom-numbering scheme.

Fig. 2. Stereoscopic view (SHELXTL Plus graphic) of the unit cell
(a nearly horizontal, ¢ vertical).
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Table 1. Atomic coordinates and equivalent isotropic
displacement parameters (A% x 10%)

e = (1/3)2,2,U;;a*a*a, .a;.

X y Zz ch
Sn(1) 0-38072 (1) 0-07508 (2) 0-12497 (1) 472
CI(1) 0-34696 (9)  —0-1229 (1) 0-01597 (6) 841
cl12) 0-40089 (7) 0-3185 (1) 0-05167 (5) 785
Cc() 0-1033 (3) 0-1147 (4) 0-2654 (3) 709
C(2) —0-0022 (3) 0-1345 (4) 0-2000 (3) 832
Cc(3) —0-0004 (3) 0-1385 (4) 0-1156 (3) 796
C4) 0-1094 (3) 0-1200 (4) 0-0966 (2) 685
C(6) 0-6405 (2) —0-0544 (3) 0-2032 (2) 561
C(7) 0-7450 (3) —0-0838 (3) 0-2701 (3) 673
C(8) 0-7511 (3) —0-0307 (4) 0-3515 (2) 722
C(9) 0-6545 (3) 0-0527 (4) 0-3689 (2) 657
C(10) 0-4417 (3) 0-1728 (3) 0:3239 (2) 573
c(11) 0-3294 (3) 0-0638 (3) 0-3212 (2) 620
C(12) 0-2163 (3) 0-0942 (3) 0-2478 (2) 538
C(13) 0-2173 (2) 0-0982 (3) 0-1610 (2) 524
c(14) 0-5433 (2) 0-0282 (3) 0-2208 (2) 459
C(15) 0-5479 (3) 0-0838 (3) 0-3038 (2) 494

The atoms CI(1), CI(2), C(13) and C(14) form a
slightly distorted tetrahedron around Sn. Con-
sidering this arrangement and the non-existence of
short intermolecular Sn—Cl contacts even weak
intermolecular coordination is safely excluded. The
Sn—Cl distances of 2-331 (1) and 2-342 (1) A are in
the range which appears to be characteristic for
non-bridging Sn—Cl bonds. They are significantly
shorter than in organotin chlorides in which Cl
participates in bridging as in pentacoordinated
Me,SnCl [2:431 (2) A; Lefferts, Molloy, Hossain, van
der Helm & Zuckerman, 1982], and are comparable
to Sn—Cl distances in organotin chlorides with dis-
crete molecules in the solid state, like Ph,SnCl
[232(1)A; Bokii, Zakharova & Struchkov,
1970], bis(biphenyl-2-yl)tin(IV) dichloride [mean:
2-386 (2) A; Baxter, Holt & Zuckerman, 1985], or in
diphenyltin(IV) dichloride. This compound was
originally described as being monomeric (Greene &
Bryan, 1971), but a reinterpretation of the data
established four-membered chains with tetracoord-
inated Sn in the terminal molecules and hexacoor-
dinated Sn in the two central molecules of each
chain; the mean Sn—Cl bond length for Cl atoms
participating in bridging is 2:355 (1) A and for non-
bridging Cl atoms 2:336 (1) A (Bokii, Struchkov &
Prokof’iev, 1972).

The bond angles C(11)—C(10)—C(15) and
C(10)—C(11)—C(12) as well as the angle
C(13)—Sn(1)—C(14) in the title compound are sig-
nificantly larger than the ideal tetrahedral angle,
probably as a consequence of internal strain in the
seven-membered central ring. The angles at the
—CH,—CH,— bridge of 1152(2) and 1169 (2)°
are only slightly different. Larger differences are
observed at the analogous —CH,—CH,— bridges in
the . compounds 5,5-diphenyl-10,11-dihydro-5H-
dibenzo[b, flgermepine [114-0 and 120-4°; Corey,
Corey, Glick & Dueber, 1972], 5-methyl-5-phenyl-

5,5-DICHLORO-10,11-DIHYDRODIBENZO[5,/]STANNEPINE

Table 2. Bond distances (A), bond angles (°), least-
squares planes and dihedral angle (°)

Sn(1)—CI(1) 2:331 (1) C(6)—C(14) 1-389 (4)
Sn(1Y—CI(2) 2342 (1) C(7y—C(8) 1-363 (6)
Sn(1)—C(13) 2:105 (3) C@8)—C(9) 1:384 (5)
Sn(1)—C(14) 2:100 (2) CO—C(15) 1-396 (4)
Cc(1y—CQ) 1:377 (5) C(10—C(11) 1-547 (4)
Cc(1)—C(12) 1-402 (5) C(10)—C(15) 1-518 (4)
C(2—CB3) 1:364 (7) C(11)—C(12) 1-514 (4)
C(3)—C(4) 1:374 (5) C(12)—C(13) 1-400 (5)
C@)—C(13) 1-389 (4) C(14—C(15) 1:397 (4)
C(6)—C(7) 1-392 (4)

CU3)—Sn(1)—C(14) 1190 (1) CAD—CA0—C(15) 1152 (2)
Cl(2—Sn(1)—C(14)  109-54 (8)  C(10)—C(11)—C(12) 1169 (2)
Cl(2—Sn(1)—C(13) 10621 (8)  C(1)—C(12—C(11) 1198 (3) .
CI(1)—Sn(1)—C(14) 111-16 (8)  C(11)—C(12—C(3) 1231 3)
Cl(1)—Sn(1)—C(13) 10688 (8)  C(1)—C(12—C(13) 1171 (3)
C(1)—Sn(1)—Cl(2) 10270 (4)  C@)—C(13)—C(12) 120-1 (3)
CQ—CO)y—C(12) 1213 4) Sn(1)—C(13}—C(12) 1213 (2)
C(1)—C()y—C(3) 1212 (3) Sn(1Y—C(13}—C(4) 1185 (2)
C(2—C(3)—C(4) 1186 (4) Sn(1y—C(14—C(6) 1222 (2)
C3)—C(4)—C(13) 1216 (3) C6)—C(14y—C(15) 1216 (3)
C(—C(6)—C(14) 1193 (3) Sn(1)—C(14y—C(15) 1162 (2)
C(6)—C(7)—C(8) 119:9 (3) C(10y—C(15—C(14) 1220 (3)
C(N—C(8y—C(9) 120-8 (3) CO—C(15)—C(14) 1174 (3)
C8—C(O—C(15) 1210 (3) CO)—C(15)—C(10) 1206 (3)

Equation of the plane (x along a;
y in the plane ab; z along c)

—0-124x —0-991y —0-057z =
—1-150 (4) A

0-451x + 0-871y —0-196z =
1-891 (8) A

No. Plane through atoms
1 C(1),C(2),C(3),C(4),C(12),C(13)

2 C(6),C(7),C(8),C(9),C(14),C(15)
Dihedral angle: 1,2 155-2 (1)

10,11-dihydro-5H-dibenzo[b,fJsilepine [111-7 (5) and
117-1 (5)°; Corey, Corey & Glick, 1977], and in the
all-carbon compound 10,11-dihydro-5H-dibenzo-
[a,d]cycloheptene [113-3 (2) and 120-3 (2)°; Reboul,
Cristau & Pepe, 1981]. The C—M—C angles in these
compounds decrease from 119:0 (1)° (M =Sn) to
114-8 (5)° (M =Ge) and 1114 (3)° (M = Si) presu-
mably as a consequence of the decrease of the mean
M—C distances: 2:103 (3) A (M = Sn), 1-95 (1) A (M
=Ge) and 1-884 (7) A (M =Si). A comparison of
the dihedral angles between the planes of the two
benzere rings of the silepine compound (137-2°) and
of the title compound [155-2 (1)°] indicates that the
distortion of the molecule increases with decreasing
covalent radius of the respective heteroatom in the
central ring.
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Abstract. [Sn(CH,),(CHO,),],, (C;HgO,Sn),, M,=
238-79, orthorhombic, Pnma, a=12-693(2), b=
9128 (2), c=6-013(2) A, V=16967(2) A3, Z=4,
D,=228gcm 3 A(Mo Ka)=0-71069 A, pu=
36:25cm ™", F(000) = 456, T=294 K, R = 0-030 (wR
=0-037) for 2683 reflections with I=30(l). The
structure is that of a sheet polymer with linear
Me,Sn moieties nearly symmetrically bridged by for-
mate anions. The coordination about the Sn atom is
octahedral with Sn—O = 2-246 (2) and 2-249 (1) A
and Sn—C =2-097 (3) and 2116 (2) A.

Introduction. Structural information on many
dimethyltin(IV) salts of various acids has been
reported over the years. Invariably, associated struc-
tures are encountered in which the dimethyltin(IV)
groups are linked by bridging polydentate anions. A
survey of important structural features allows classi-
fication into two general groups; (a) dimethyltin salts
of strong protonic acids, like (CH;),SnF, (Schlemper
& Hamilton, 1966) and (CH;),Sn(SO;F), (Allen,
Lerbscher & Trotter, 1971), where symmetrical anion
bridges between linear C—Sn—C groups and short
Sn—C distances are found, resulting in regular octa-
hedral coordination about tin; (b) other dimethyltin
derivatives, such as (CH;),SnCl, (Davies, Milledge,
Puxley & Smith, 1970), (CH;),Sn(CN), (Konnert,
Britton & Chow, 1972), (CH,),Sn(NCS), (Chow,
1970) and (CH,),Sn(MoQ,) (Sasaki, Imoto &
Nagano, 1984) where asymmetric bridges are
encountered, with C—Sn—C angles departing
noticeably from 180°, and longer Sn—C distances
resulting in somewhat more distorted coordination

0108-2701/90/112091-03$03.00

geometries about the Sn centre. The coordinative
asymmetry of bridging groups such as —CN— or
—NCS— may be seen as a plausible cause for the
observed distortions, but this explanation is invalid
for the MoOZ~ groups.

To gain a better understanding of the reasons for
the substantially disorted geometries when anions of
weaker acids are involved, we became interested in
structural studies of dimethyltin(IV) carboxylates of
the type (CH;),Sn(O,CR), and selected the dimethyl-
tin(IV) formate for this purpose because, with R = H
in this case, steric repulsion induced by the R group
will be minimized.

Experimental. The dimethyltin bis(formate) was syn-
thesized as reported previously (Okawara &
Rochow, 1960). Colorless prisms, 0-25 x 0-30 x
0-42 mm, Rigaku AFC6S diffractometer, lattice
parameters from 25 reflections with 6= 31-33°,
Intensities for 8 < 50°, hkl: 0 to 27, 0 to 19, 0 to 12,
w-26 scan, w-scan width (1-5+ 0-30tand)° at
32°min~"' (up to eight rescans), stationary back-
grounds at each end of the scan counted 50% of the
scan time, three standard reflections showed negli-
gible variations in intensity, Lp and absorption cor-
rections (analytical, relative transmission factors
0-572-1-000), 3764 independent reflections measured,
2683 with I=30(l), o (F)=[S¥C+4B)+
(0:023F,%)?)/Lp?, S = scan rate, C = scan count, B =
background count. Structure by Patterson and
Fourier syntheses in the non-centrosymmetric space
group Pn2,a, subsequent calculations in Pnma after
the presence of a mirror plane was verified, full-
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