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fluorenyl species. Other compounds in which a cyclo-
pentadienyl ligand undergoes an 7° to »* shift upon
treatment with PMe, include W(45-C;H;)(CO),NO,%
Mo(n®-CsH;)(CO),NO,® and Re(n®-C;H;)(CO)(Me)(NO).2
Green and co-workers! have found that treatment of
Rh(#*-CgH,)(C,H,), with excess tert-butyl isocyanide af-
fords Rh(»*-CoH;)(CN-t-Bu),, where the indenyl ligand has
undergone the 7° to #! migration. The reaction of Mn-
(n°-C3Hg)(CO)4 with -excess P-n-Buy to give Mn(n-
C15sHg) (CO)3(P-n-Buy), appears to be the first example of
an 7° to n! migration involving the fluorenyl ligand.

In conclusion, it has been shown that the idenyl ligand
can stabilize both lower coordination*® (Sy1) and higher
coordination (Sy2) intermediates,? but it appears to have
about a 10® time greater effect on Sy2 reactions than it
does on Syl reactions. This means that regardless of
mechanism, substitution reactions of indenyl (and of
fluorenyl) metal complexes are faster than are the same
reactions of corresponding cyclopentadienyl compounds.
The fluorenyl ligand is capable of #° — 5! rearrangements
upon treatment with strongly basic alkylphosphines.
Further studies are underway to examiine other ligands

(20) Casey, C. P.; Jones, W. D.; Harsey, S. G. J. Organomet. Chem.
1981, 206, C38-C42.

(21) Casey, C. P.; Jones, W. D. J. Am. Chem. Soc. 1980, 102,
6154-6156.

that may enhance the rate of Sy2 substitution at metal
centers.
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Acid-base adduct formation occurs in benzene solutions of Phy,SnCl, with quinuclidine, Dabco, and acridine
as ligands. By use of the latter base, the dichlorodistannoxane [Ph,C1SnOSnPh,Cl], (6) also was isolated.
In more polar solvents, hydrolysis reactions of Ph,SnCl, occur more readily, leading to dimeric distannoxanes.
The hydroxystannoxzane [Ph,CISnOSnPh,0H],-2(CH,),CO (5) is isolated from the reaction of Ph,SnCl,
and quinuclidine in acetonitrile solution. It is also obtained by the analogous reaction of Dabco in acetone.
Further characterized from these reactions were anionic complexes [Ph,SnC),][base-H], (base = quinuclidine,
Dabco, or acridine). The isolation and structural characterization of successive members in the hydrolysis
lead to a mechanism of formation of the dimeric distannoxanes 5 and 6. X-ray analysis shows they both
possess “ladder” structures with tin atoms in trigonal-bipyramidal conformations. This is the first structural
study of distannoxanes containing directly bonded aryl groups. 5 crystallizes in the monoclinic space group
P2,/n with a = 11.758 (2) A, b=19.327(3) A, c = 11.649 (1) A, 8 = 92.87 (1)°, and Z = 2. The structure
was refined to R = 0.028 and R,, = 0.039. For 6, the monoclinic space group P2,/c was obtained with a
=10.284 (2) A, b =10.513 (3) A, ¢ = 22.143 (4) A, 8 = 100.75 (2)°, and Z = 2. The structure was refined
to R = 0.023 and R, = 0.034.

Introduction
Partial hydrolysis of diorganotin dihalides leads to in-
teresting classes of tetraorganodistannoxanes,
R,XSn0OSnR,X and R,XSnOSnR,0H.*7 Solution work

(1) Pentacoordinated Molecules. 52. Previous paper in the series:
Holmes, R. R.; Day, R. O.; Harland, J. J; Holmes, J. M. Organometallics
1984, 3, 347.

(2) Presented at the 186th National Meeting of the American Chem-
ical Society, Washington, DC, Aug 1983; Abstr. INOR 207.

(3) This work represents in part a portion of the Ph.D. Thesis of Jean
F. Vollano, University of Massachusetts, Amherst.

0276-7333/84,/2308-0745$01.50/0

established dimeric formulations as early as 1939 for the
halo derivatives [Et,XSnOSnEt,(OH)], (X = Br, I).2
Later work supported the dimeric nature of this class of

(4) Okawara, R.; Wada, M. J. Organomet. Chem. 1963, 1, 81.

(5) Alleston, D. L.; Davies, A. G.; Hancock, M. J. Chem. Soc. 1964,
5744.

(6) Alleston, D. L.; Davies, A. G.; Hancock, M.; White, R. F. M. J.
Chem. Soc. 1963, 5469.

(7) Okawara, R.; Wada, M. Adv. Organomet. Chem. 1967, 5, 137-167
and references cited therein.

(8) Harada, T. Sci. Pap. Inst. Phys. Chem. Res. (Jpn) 1939, 35, 290.
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substances for many of the members as well as the pres-
ence of the four-membered distannoxane ring.*”’

More recently further detail was revealed from an X-ray
diffraction study of [Me,CISnOSnMe,Cl], (1) and its ethyl
homologue [Et,CISnOSnEt,Cl],° In particular, the former
substance showed a planar ladder arrangement with a
distorted trigonal-bipyramidal arrangement about the tin
atoms.

This is analogous to the structure of [(i-Pr),C1SnOSn(i-
Pr),Cl], (2).1° Structures of related distannoxanes, de-
termined earlier, have similar ladder structures, e.g., the
isothiocyanato derivative [Me,Sny(NCS),0],,!! although
the trimethylsiloxy derivative, [Me,Sn,(0SiMe;),0],
(3),1213 i3 described more accurately as a “staircase”.

Of interest is the course of the hydrolytic reaction by
which these dimeric distannoxanes are formed from di-
organotin dihalides. Monohydroxides R,SnX(OH) have
been implicated®!4 as initial products in the hydrolysis.
Also prominent in the hydrolysis reactions, which are
usually carried out in moist polar solvents,* is the forma-
tion of dimeric hydroxydistannozanes, [R,XSnOSnR,-
(OH)),. These are the partial hydrolysis products of the
dihalodistannoxanes. X-ray structural studies of two of
these hydroxy derivatives have been reported, [(i-
Pr),C1SnOSn(i-Pr);OH], (4a)'® and [(MeySiCH,),CIS-
nOSn(Me;SiCH,),0H] (4b),'? as well as a rare example of
a fully hydroxylated distannoxzane, [(MesSiCH,),(OH)-
SnOSn(Me;SiCH,),(OH]; (4¢).1 All of these structures,
4a—e, have a planar ladder arrangement like 1 with pen-
tacoordinated tin centers.

We have performed a variety of hydrolyses of PhySnCl,
for the purpose of isolating intermediates leading to the
characterization of the possible mechanistic sequence in
the formation of dimeric distannoxanes. In conducting
these reactions, the chlorohydroxydistannoxane [Ph,-
(C1)SnOSnPh,(OH)]5:2(CH;),CO (5), the dichloro-
distannoxane [Phy(C)SnOSnPh,(Cl)], (6), and salts of the
stannate anion [Ph,SnCl,] were isolated. This report
represents the first structural study of distannoxanes
containing aryl substituents. The X-ray structures of 5
and 6 are reported here along with synthetic aspects. This
information is used to formulate a reasonable scheme for
the hydrolytic process.

Experimental Section

Synthesis. Formation of the 1:1 Adduct (7) of Di-
phenyltin(IV) Dichloride and Quinuclidine. Two grams (5.82
mmol) of diphenyltin dichloride was dissolved in 30 mL of dry

(9) Harrison, P. G.; Begley, M. J.; Molloy, K. C. J. Organomet. Chem.
1980, 186, 213. The X-ray structure of {Me,C1SnOSnMe,Cl], was re-
ported also by: Graziani, R.; Casellato, U.; Plazzogna, G. Acta Crystal-
logr., Sect. C 1983, C39, 1188, who overlooked the earlier X-ray study by
Harrison et al.

(10) Puff, H.; Friedrichs, E.; Visel, F. Z. Anorg. Allg. Chem. 1981, 477,
50.

(11) Chow, Y. M. Inorg. Chem. 1971, 10, 673.

(12) Okawara, R. Proc. Chem. Soc., London, 1961, 383.

(13) Okawara, R.; Kasai, N.; Yasuda, K. 2nd Int. Symp. Organomet.
Chem. Wis. 1965, 128.

(14) Gibbons, A. J.; Sawyer, A. K.; Ross, A. J. Org. Chem. 1961, 26,
2304.

(15) Puff, H.; Bung, L; Friedrichs, E.; Jansen, A. J. Organomet. Chem.
1983, 254, 23.
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benzene with stirring. To the solution was added 0.65 g (5.85
mmol) of quinuclidine, and immediately a white, insoluble product
formed. The white powder was filtered off and washed with
benzene; mp 186-188 °C (yield 1.42 g, 53.6%). Anal. Calcd for
CgHsNCLSn: C, 50.14; H, 5.05; N, 3.08; Cl, 15.62. Found: C,
49.31; H, 5.62; N, 3.55; Cl, 15.04.

Formation of the Diphenyltetrachlorostannate(IV)-
Quinuclidinium Complex, [Ph,SnCl,][quinuclidine-H], (8),
from 7. Solution of ~0.1 g of 7 in 75 mL of benzonitrile was
effected by heating the mixture at 120 °C for 20 min. Upon cooling
of the solution, small, white needle-like crystals of 8 formed; mp
230-236 °C dec. Anal. Calcd for CpgHgeN,CLiSn: C, 48.84; H,
5.98; N, 4.38; Cl, 22.23. Found: C, 49.06; H, 6.04; N, 4.31; Cl, 21.67.

Reaction of Diphenyltin(IV) Dichloride with Quinucli-
dine in Acetonitrile Leading to [Ph,SnCl ][quinuclidine-H],
(8) and Ph,C1SnOSnPh,0H (5). To 0.50 g (1.45 mmol) of
diphenyltin dichloride dissolved in 100 mL of freshly distilled
acetonitrile was added 0.16 g (1.45 mmol) of quinuclidine. A small
amount (~0.08 g) of white solid formed and was filtered off. The
analysis of the white microcrystalline solid is consistent with the
formation of [Phy;SnClL][quinuclidine-H], (8). Anal. Found: C,
48.54; H, 5.98; N, 4.26; Cl, 21.00.

On standing, a white powdery solid formed from the filtrate,
mp 192-193 °C, corresponding to the hydroxydistannoxane
Ph,CISnOSnPh,0OH, (5). Anal. Calcd for Co,H,,Cl0,Sn,: C, 46.91;
H, 3.42; Cl, 5.77. Found: C, 47.07; H, 3.44; Cl, 5.98.

Synthesis of the 1:1 Adduct (9) of Diphenyltin(IV) Di-
chloride and 1,4-Diazabicyclo[2.2.2]octane (Dabco). One gram
(2.90 mmol) of diphenyltin dichloride was dissolved with stirring
in 30 mL of benzene. To the solution was added 0.33 g (2.90 mmol)
of 1,4-diazabicyclo{2.2.2]octane (Dabco). Immediately, a white
powdery precipitate formed which was filtered and air-dried (yield
0.91 g, 68.2%). Anal. Caled for C;gHClyNySn: C, 47.40; H, 4.83;
N, 6.14; Cl, 15.58. Found: C, 46.77; H, 4.97; N, 6.36; Cl, 16.00.

Reaction of Diphenyltin(IV) Dichloride with Dabco in
Acetone. Two grams (5.81 mmol) of diphenyltin dichloride was
dissolved in 50 mL of acetone. With stirring, 0.65 g (5.81 mmol)
of Dabco were added. A whitish microcrystalline product formed
(yield 1.13 g, 42.6%). Recrystallization from dimethyl sulfoxide
resulted in the formation of [PhySnCl,][Dabco-H], (10) as shown
by an X-ray study.®

Upon standing, crystals formed in the acetone filtrate. Upon
drying, the crystals changed to a white powder, mp 192-193 °C,
corresponding to the hydroxydistannoxane Ph,C1SnOSnPh,OH
(5). Anal. Caled for Co H,;,0,ClISn,: C, 46.91; H, 3.42. Found:
C, 46.72; H, 3.45. .

Reaction of Diphenyltin(IV) Dichloride with Acridine.
Formation of the 1:1 Adduct, Ph,SnCly-Acridine (11), the
Dichlorodistannoxane 6, and the Acridine Complex
[Ph,SnCl J[acridine-H], (12). One gram (2.90 mmol) of di-
phenyltin dichloride was dissolved in 150 mL of benzene. To this
solution was added 0.52 g (2.90 mmol) of acridine. An immediate
mustard colored precipitate of 11 formed. The precipitate was
filtered off and washed with benzene; mp 125-127 °C, yield 0.46
g, 30.2%). The solid turned red upon melting. Anal. Calcd for
CysH oCLNSn: C, 57.40; H, 3.63; N, 2.68; Cl, 13.59. Found: C,
58.37; H, 4.04; N, 2.81; Cl, 15.00.

On standing, large colorless crystals of the dichlorodistannoxane
6 formed from the filtrate; mp 194-196 °C. Anal. Caled for
CyH,CLOSN,: C, 45.54; H, 3.16; Cl, 11.23. Found: C, 45.77;
H, 3.11; Cl, 10.78. In addition, yellow-orange crystals of 12 also
formed; mp 177-179 °C. The latter turned red on melting.

This same substance was obtained by partially hydrolyzing the
mustard colored adduct Ph,SnCly-acridine (11). This was ac-
complished by heating a methylene chloride solution of 11 at 50
°C for a few minutes with stirring, after which time an orange
powder appeared; mp 178-179 °C. The analysis revealed the
yellow-orange powder to contain the diphenyltetrachlorostannate
(IV) anion, {Phy,SnCl,][acridine-H], (12). Anal. Calcd for
CasHasN,CLSn: C, 59.01; H, 3.62; N, 3.62; Cl, 18.38. Found: C,
58.51; H, 3.93; N, 3.51; Cl, 18.24.

Crystallography. All X-ray crystallographic studies were done
by using an Enraf-Nonius CAD4 diffractometer and graphite

(16) Day, R. O., Holmes, R. R., unpublished work.
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Table I. Atomic Coordinates in Crystalline
(Ph,8n,C10,H)-2(CH,),CO (5)¢

atom
type? 10%x 10% 104z
Snl 1040.8 (2) -524.8 (1) 502.6 (2)
Sn2  1990.5(2) 1113.5 (1) 706.9 (2)
02 2489 (2) 48 (1) 1212 (2)
o1 636 (2) 505 (1) 271 (2)
c12 780 (1) 2106 (1) 121 (1)
CAl 723 (4) -1063 (2) 2044 (3)
CA2 1636 (4) -1408 (2) 2595 (4)
CA3 1461 (5) -1802 (3) 3586 (4)
CA4 392 (6) -1849 (3) 3997 (4)
CAS -501 (5) -1504 (3) 3454 (4)
CA6 348 (4) ~1104 (2) 2476 (4)
CB1 1911 (4) -964 (2) -876 (4)
CB2 3034 (4) ~1169 (2) —-679 (4)
CB3 3605 (5) ~1490 (3) ~1551 (6)
Figure 1. ORTEP plot of (Ph,Sn;CI0,H),2(CH,),CO (5) with coe 3080 Eg; REY fi; 260 Egg
thermal ellipsoids at the 50% probability level. Phenyl hydrogen CBS 1364 (5) ~1074 (3) ~1943 (4
atoms have been omitted for purposes of clarity. Primed atoms cC1 2364 (4) 1512 (2) 2390 ( 4)
are generated from unprimed ones by -x, —y, —z. Acetone mol- CC2 1610 (4) 1950 (2) 2997 4)
ecules shown are related to those in the coordinate list by b = cC3 1910 (5) 2958 23) 3962 E 4;
Vo=, -y Yo—zanda=x-1/p, /9~ y,2 -1/, CC4 2971 (5) 2148 (3) 4480 (4)
monochromated molybdenum radiation (AMKa,;) = 0.70930 A, (ngg 3471351) EZ; ig;g (3; ?ég?g (2)
A(Kay) = 0.17359 A) at an ambient temperature of 23 + 2 °C. CD1 3185 (3) 1173 §2) 612 E3g
Details of the experimental and computational procedures have CD2 3934 (4) 638 (3) -804 (4)
been described previously.!” CD3 4706 (4) 679 (3) -1662 (5)
Colorless crystals of 5, grown from acetone, degrade rapidly CD4 4732 (4) 1258 (3) -2339 (4)
when exposed to ambient conditions, a behavior which is most CD5 4010 (5) 1799 (3) ~2166 (5)
probably due to loss of acetone of solvation. A crystal of 5 (0.25 CD6 3215 (4) 1760 (3) -1311 (4)
X 0.35 X 0.38 mm) which was mounted inside of a sealed thin- C1 1568 (8) 5014 (6) -641 (8)
walled glass capillary proved to be stable and was used for the c2 2211 (6) 4962 (3) 529 (5)
X-ray studies. C3 3452 (6) 5133 (4) 556 (6)
Crystal data for (Ph,Sn,C10,H),2(CH;);CO (5): uniquely 03 1740 (3) 4817 (2) 1402 (3)
determined space group P2,/n (alternate setting of P2,/c [C} H2 2800 -50 2000
No. 14]'®), 0 = 11.758 (2) A, b =19.327 (3) A, ¢ = 11.649 (1) K),l

¢ Numbers in parentheses are estimated standard

- - =) = -1, ;
B =92.87 (1)°, Z = 2, and p(Mo Ka) = 2.027 mm; 4609 independ- deviations. ? Atoms are labeled to agree with Figure 1.

ent reflections (+h,+k,+[) were measured by using the §-26 scan

O & A7) < -] H
mode for 2° < 26(Mo Ka) < 50°. No corrections were made for Table I Atomic Coordinates in Crystalline

absorption. a
The structure was solved by using standard Patterson and (Ph,Sn,C1,0), (8)
difference Fourier techniques and was refined by full-matrix atom
least-squares.!® The 33 independent non-hydrogen atoms (29 type? 10% 10%y 104z
for half the dimer about an inversion center, four for acetone in
general positions) were refined anisotropically. Coordinates for SE; 1??33 g; ég?é Eg; Igig 8 g;
the 20 independent phenyl hydrogen atoms were calculated, and Cl1 354 2'( 1) 499' (1) 630' (1)
these atoms were included in the refinement as fixed isotropic Cl12 -368 (1) 935 (1) 1707 (1)
scatterers whose coordinates were updated as refinement con- o1 628 (3) 312(3) 522 (1)
verged so that the final C-H bond lengths were 0.98 A. Coor- CA1 1886 (5) 1431 (5) -776 (2)
dinates for the hydrogen atom of the hydroxide moiety were CA2 3172(6) 1566 (5) -862 (3)
obtained from the strongest peak (0.513 /A% on a difference CA3  3510(7) 2464 (6) -1263 (3)
Fourier which was based on the aforementioned 53 atoms. This CA4 2545 (8) 3237 (6) -1588 (3)
atom was also included in the refinement as a fixed isotropic CAS5 1268 (7) 3131 (6) -1502 (3)
scatterer. Hydrogen atoms of the acetone molecule were omitted. CA® 923 (6) 2217 (6) -1109 (3)
The final agreement factors?® were R = 0.028 and R,, = 0.039 for CB1 2051 (5) —2018 (5) -258 (2)
the 3856 reflections having I = 2. CB2 3351 (7) —2301 (8) -271(3)
A colorless crystal 6 (0.23 X 0.33 X 0.35 mm) which was grown CB3 3705 (7) -3576 (7) -360(3)
from benzene solution and mounted inside a sealed thin-walled CB4 2787 (9) -4532 (6) —-417 (3)
glass capillary was used for the X-ray studies. CB5 1510 (7) —4243 (6) —-408 (3)
Crystal data for (Ph,Sn,Cl0), (6): uniquely determined CB6 1121 (6) —2997 (6) =329 (3)
space group P2,/c, 8 a = 10,284 (2) A, b = 10.513 (3) A, ¢ = 22.143 CCl 2110 (5) 2883 (5) 1419 (2)
(4) A, 8 =100.75 (2)°, Z = 2, and u(Mo Ka) = 2.372 mm™; 2690 CcC2 2808 (6) 3543 (6) 1037 (3)
independent reflections (+h,+k,%!) were measured by using the cC3 3061 (g) 4825 (6) }137 (4)
6-26 scan mode for 2° < 20(Mo Ka) < 43°. No corrections were gg?, %géé}{ 27; Zgg;} Eg; 1222 Eg;
made for absorption. CCé6 1655 (8) 3533 (6) 1888 (3)
CD1 2673 (5) —499 (5) 1987 (2)
17) Sau, A. C.; Day, R. O.; Holmes, R. R. Inorg. Chem. 1981, 20, 3076. CD2 1977 (5) ~1089 (6) 2377 (3)
218; “IntemationalyTables for X-ray Crystallography”; Kynoch Press: CD3 2638 (7) ~1875 (6) 2854 (3)
Birmingham, England, 1969: Vol. 1, p 99. CD4 3967 (7) -2073 (7) 2911 (3)
(19) The function minimized was Tw(|Fy| - |F})?, where w'/2 = CD5 4651 (6) -1492 (7) 2517 (3)
2F ,Lp/o;. Mean atomic scattering factors were taken from ref. 18, Vol. CD6 4020 (5) -687 (8) 2062 (3)

4, 1974, pp 72-98. Real and imaginary dispersion corrections for Sn, Cl, . .
and O were taken for the same source, pp 149-150. ¢ Numbers in parentheses are estimated standard
(20) R = T|IF,| - [F I/ ZIFJ and R, = {Zw(|F,| - |F)?/ Zw]|F.|3Y2 deviations. ? Atoms are labeled to agree with Figure 2.
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Table III. Selected Bond Lengths (A ) and Bond Angles (deg) for (Ph,Sn,Cl10,H),-2(CH,),CO (5) and (Ph,Sn,C1,0), (6)°

compound compound
bond length type® 5 6 bond length type 5 6
Sn1-01 2.061 (3) 2.050 (3) Sn2-01 2.024 (3) 2.040 (3)
Sn1-071 2,127 (3) 2.107 (3) Sn2-Cl2 2.465 (1) 2.430 (1)
Sn1-02(Cl1) 2.160 (3) 2.688 (1) Sn2-02(Cl11) 2.212 (3) 2.697 (1)
Snl1-CA1l 2.124 (4) 2.117 (5) Sn2-CC1 2.131 (4) 2.144 (5)
Sn1-CB1 2.124 (4) 2.109 (5) Sn2-CD1 2.135 (4) 2.141 (5)
Snl'-C12 3.780 (1) 3.355 (2)
compound compound
bond angle type 5 6 bond angle type 5 6
02(Cl11)-Sn1-01’ 148.1 (1) 150.7 (1) 02(Cl1)-Sn2-Cl2 160.0 (1) 162.0 (1)
02(Cl1)-Sn1-01 74.2 (1) 76.2 (1) 02(CI1)-Sn2-01 73.8 (1) 76.2 (1)
02(ClI1)-Sn1-CA1l 95.5 (1) 89.4 (1) 02(C11)-Sn2-CC1 93.0 (1) 93.0 (1)
02(Cl1)~-Sn1-CB1 95.4 (1) 92.1(1) 02(Cl11)-Sn2-CD1 93.8 (1) 90.4 (1)
01'-Sn1-01 74.0 (1) 74.5 (1) Cl2-Sn2-01 86.9 (1) 86.0 (1)
01'-Sn1-CA1l 99.7 (1) 102.8 (2) Cl2-8n2-CC1 93.6 (1) 96.6 (1)
01'-Sn1-CB1 99.1 (1) 100.8 (2) Cl2-8Sn2-CD1 98.6 (1) 96.8 (1)
01-Snl1-CA1l 122.3 (1) 117.6 (2) 01-Sn2-CC1 124.3 (1) 115.0 (2)
01-Sn1-CB1 113.8 (1) 113.2(2) 01-Sn2-CD1 112.8 (1) 120.2 (2)
CA1-Snl1-CB1 123.7 (2) 127.9 (2) CC1-8n2-CD1 122.0 (2) 123.9 (2)
Sn1-01-Sn2 110.8 (1) 123.6 (2) Sn1'-01-8n2 142.9 (1) 130.8 (2)
Sn1-01-Snl’ 106.0 (1) 105.5 (1) Sn1-02(Cl1)-Sn2 100.5 (1) 84.00 (4)

% Numbers in parentheses are estimated standard deviations.

atom names given in parentheses apply to compound 6.

Figure 2. oRTEP plot of (Ph,Sn,Cl,0), (6) with thermal ellipsoids
at the 50% probability level. Hydrogen atoms have been omitted
for purposes of clarity. Primed atoms are generated from un-
primed ones by —x, -y, -z.

The structure was solved and refined as for 5 (29 anisotropic
non-hydrogen atoms, 20 fixed isotropic hydrogen atoms). The
final agreement factors were R = 0.023 and R,, = 0.034 for the
2387 reflections having I = 20

Results

The atom labeling scheme for 5 is given in the ORTEP
plot of Figure 1, while atomic coordinates are given in
Table I. The corresponding information for 6 is given in
Figure 2 and in Table II. For both compounds, selected
bond lengths and angles are given in Table III. Aniso-
tropic thermal parameters, fixed parameters for hydrogen
atoms, additional bond lengths and angles, and deviations
from some least-squares mean planes are provided as
supplementary material.

Discussion

Structures. Both the halohydroxydistannoxane
[PhyC1SnOSnPh,0H]1,-2(CH3),CO (5) and the dichloro-
distannoxane [Ph,C1SnOSnPh,Cl], (6) have dimeric for-

b Atoms are labeled to agree with Figures 1 and 2, where

mulations. They exist as ladder compounds that contain
pentacoordinated tin atoms.

Both compounds 5 and 6 can be viewed as centrosym-
metric dimers, where one half of the molecule comprises
the crystallographic asymmetric unit and other half is
generated by an inversion center.

The two independent tin atoms in each molecule are
pentacoordinated with geometries about the Sn atoms that
can be described as distorted trigonal bipyramids, having
two phenyl groups and O1 in equatorial positions. The
distortions away from ideal trigonal-bipyramidal geometry
are not along the Berry coordinate?! but rather seem to
be due to the constraints imposed by the fused ring sys-
tems as well as weak interactions between Cl2 and Snl’.
These constraints cause the “axial” atoms, 02 (C11) and
01’ for Sn1, 02 (Cl1) and CI2 for Sn2 for 5 (6), to be bent
toward what would be the “pivotal” atom (O1) in the
formal Berry process.

Both compounds have “ladder” structures rather than
“staircase” arrangements, as evidenced by the near co-
planarity of the atoms comprising the fused ring systems.
For 5, the atoms Snl, Sn2, 01, 02, Sn1’, Sn2, 01/, and 02’
are coplanar to within £0.07 A, while for 6 the corre-
sponding atoms Snl, Sn2, O1, Cl1, Snl’, Sn2’ 01’, and CI1’
are coplanar to within £0.03 A. This near coplanarity is
also seen in the dihedral angle between the planes defined
by the central and terminal four-atom rings. For 5, the
dihedral angle between the least-squares mean plane de-
fined by atoms Snl, Sn2, O1, and 02 (coplanar to within
+0.06 A), plane 6 of Table G (supplementary material),
and atoms Snl, O1, Snl’, and O1’ {required by symmetry
to be coplanar), plane 5 of Table G, is 3.4°. For 6 the
corresponding values (substituting Cl1 for 02) are +0.01
A and 1.8° (Table H), supplementary material.

For Snl, in both compounds, there is close intramolec-
ular contact with C12’, which may be viewed as a weak
bonding interaction. The Sn1-C12’ distances are 3.780 (1)
and 3.355 (2) A for 5 and 6, respectively, compared to the
van der Waals’ sum of 4.0 A.2 The approach of C12’ to
Sn1 might account for the fact that the CA1-Sn1-CB1

(21) Berry, R. S. J. Chem. Phy. 1960, 32, 933.
(22) Bondi, A. J. J. Phys. Chem. 1964, 68, 441.
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angle is slightly larger than the ideal value of 120° for the
TBP. These angles have values of 123.7 (2)° and 127.9 (2)°
for 5 and 6, respectively, and increase as the Sn1-Cl2’
distance decreases.

In 5, the hydrogen atom of the bridging hydroxide enters
into a hydrogen-bonding interaction with the O atom of
the acetone of solvation. This interaction is evidenced by
the 02-03 and H2-03 distances which are 2.914 (5) and
1.929 A, respectively. The H bond is nearly linear with
an 02-H2-03 angle of 173.4°. Concomitant with this
interaction, H2 is tipped 0.734 A out of the plane of the
“ladder” backbone in a direction toward O3.

The ladder structures of 5 and 6 contrast with the
staircase structure of [Me,Sn,(0SiMe;),0], (3),1212 but
they are similar to the other chlorodistannoxanes studied
by X-ray diffraction in the appearance of a planar ar-
rangement of the atoms comprising the ladder unit.?1015
In the case of the dichlorodistannoxane 6, it is also similar
to 1 in that they both contain one longer and one shorter
axial Sn—O bond length. For 6, these are 2.430 (1) A for
Sn2-Cl12 and 2.697 (1) A for Sn2~Cl1l. The comparable
Sn—Cl bonds in 1° are 2.438 (4) A and 2.788 (5) A. The
major difference between the structures of 1 and 6 is found
in a weak Sn~Cl interaction (3.348 (5) A) for 1 which links
adjacent “ladders” by bisecting the “equatorial” Me-Sn-
Me bond, causing the structure to be more distorted from
trigonal bipyramidal than 6. The equatorial angle C-Sn-C
for 1° is 140.6 (9)° whereas the same angle in both 6
(CA1-8Sn1-CB1) (127.9 (2)°) and 5 (123.7 (2)°) is much
smaller. Actually, the structures of 5 and 6 are closer in
detail to the structures of the more shielded distannoxanes,
2,10 49-b,15 and 4e.10

Synthetic Aspects. Our approach in studying the
base-catalyzed hydrolysis of Ph,SnCl, was to isolate and
structurally characterize successive products in the hy-
drolysis reaction so that a mechanistic sequence leading
to the formation of the hydroxydistannoxane may become
reasonably apparent.

An initiating feature appears to be the formation of a
1:1 acid-base adduct. In this study, three of these adducts
have been prepared as insoluble powders by using nitrogen
donors: Ph,SnCl,.quinuclidine (7), Phy,SnCl,Dabco (9),
and Ph,SnCly-acridine (11). The largest yields for these
adducts were obtained by reacting the starting materials
in benzene. When more polar solvents were used, addi-
tional products formed. For example, the reaction of
Ph,SnCl, and quinuclidine in acetonitrile led to the for-
mation of the white crystalline complex, [Ph,SnCl,][qui-
nuclidine-H], (8).2  From the filtrate, the chloro-
hydroxydistannoxane [Phy,C1SnOSnPh,0H], (5) was iso-
lated.

This type of reaction producing a tin—ether species is
not novel to 1:1 adduct reactions used in this study.
Harrison and Molloy? discuss the reaction of diphenyltin
chloride with 2-aminobenzothiazole. In benzene, a 1:1
adduct is formed, which upon recrystallization in ethanol
leads to the 2-aminobenzothiazole hydrochloride salt.
Conducting the reaction of diphenyltin dichloride with
2-aminobenzothiazole in acetone gives the dichloro-
distannoxane [Ph,C1SnOSnPh,Cl], (6).

The same type of reaction sequence occurs when
Ph,SnCl, and Dabco were reacted. The 1:1 adduct 9 forms

(23) We have determined the X-ray structure of [Ph,SnCl,][Dabco-H],
(10), showing the anion to be octahedral with trans-phenyl groups. Since
the space group of [Ph,SnCl][quinuclidine-H], (8) was the same as that
for 10 with almost identical cell constants, the structure of 8 may be
concluded to be the same as that of 10. Dabco and quinuclidine have very
similar geometries. Unpublished work.

(24) Harrison, P. G.; Molloy, K. C. J. Organomet. Chem. 1978, 152, 63.
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Scheme I
PhpSnCly + base —= PhySnCly« base (1)

2PhpSnClp ¢ base + Hp0 — PhyCISn-0SnPh,Cl + 2HCHe base

(2)

PhpCISnOSnPhCl + Ha0 + base —= PhpCISnOSnPho(OH) +

HCl+base (3)
2HC!+ base + PhySnCl, ——= [PhpSnClslibasesHlp 4)

in benzene. In acetone, the reaction produces the white
powdery complex, [Ph,SnCl,][Dabco-H], (10), and from
the filtrate, crystals of the hydroxydistannoxane
[PhyClSnOSnPh,0H], (5) are obtained.

In the case of the reaction of Ph,SnCl, with acridine in
benzene, some differences were noted. Here it was possible
to form the solid 1:1 adduct, PhySnCly-acridine (11), and
from the filtrate, to obtain both colorless crystals of the
dichlorodistannoxane 6 and a yellow-orange solid which
proved to be the complex [Phy,SnCl,][acridine-H], (12).
These solids could be mechanically separated. The latter,
12, also was obtained from the recrystallization of the
acridine adduct 11 in methylene chloride.

The above reactions involving the pickup of moisture,
leading to the distannoxane dimer formulations 5 and 6,
are not unique but are representative of the way this class
of compounds has been formed in the past. For example,
the analogous dichlorodistannoxane 1 was isolated from
the filtrate resulting from the reaction of Me,SnCl, and
2-aminobenzothiazole in acetone solution.® A white solid
was also formed but not identified. Okawara and Wada*’
earlier prepared a series of [R;XSnOSnR,X], compounds
by related reactions using R,SnCl, with a nitrogen base
in moist ethanol. They were able to form the hydroxy-
distailnoxane from the chlorostannoxanes in moist meth-
anol.

In view of the results of our present findings and those
of earlier workers,*”? the mechanism shown in Scheme I
leading to the formation of these two classes of dimeric
distannoxanes seems plausible. All products isolated in
this study are underlined. Of those isolated, we have de-
termined the X-ray structure of at least one member in
each case 252

Initial acid-base adduct formation (eq 1) is followed by
partial hydrolysis (eq 2) to give the dichlorostannoxane 6
and the base hydrochloride. Structural studies on the 1:1
acid-base adducts show that the base and one of the
chlorine atoms occupy the weaker axial positions of a
trigonal bipyramid.

24 25
7S
PhzSnClz - N and Phz2SnClz - §

The base hydrochloride has been isolated in the analogous
reaction of Harrison and Molloy.?

It is expected that the longer and presumably weaker
axial tin—chlorine bond (Sn2-Cl1) in 6 is responsible for
the hydrolysis in eq 3 leading to the hydroxydistannoxane
5. The remaining tin—chlorine bond length (Sn2-C12) in
5 has increased only slightly in length (0.035 A) compared
to this bond in 6. This may partially account for the lack
of further hydrolysis under the mild conditions reported

(25) In addition to the X-ray structural determination of the 1:1 ad-
duct of Phy,SnCl, with 2-aminobenzothiazole,?* we established the
structure of the 1:1 adduct of Ph,SnCl, with pentamethylene sulfide.
Both are trigonal bipyramids with the axial positions occupied by the base
ligand and a chlorine atom (unpublished work).
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here which would give a dihydroxydistannoxane. The only
example structurally characterized by X-ray diffraction
was a low-temperature study of 4¢!° which contains the
relatively large protecting groups, Me;SiCH,, formed by
hydrolysis of the corresponding diorganyltin dichloride
with aqueous KOH in hot toluene. Finally, the formation
of the diphenyltetrachlorostannate(IV) anion? may com-
petitively occur by reaction of the base—hydrochloride and
Ph,SnCl, (eq 4).

This scheme is similar to the sequence formulated by
Mufti and Poller® in their study of the hydrolysis of di-
isocyanates R,Sn(NCO), leading to polymeric tin oxides.
In addition, the hydroxyhalide species R,SnX(OH) was
postulated as a precursor to the formation of the dihalo-
distannoxane R,XSnOSnR,X. Although we found no
evidence for the presence of Ph,SnCl(OH), considering the
lability of this class of substances,?” its formation as a
transient species could take part in eq 2.

(26) Mufti, A. S,; Poller, R. C. J. Chem. Soc. 19685, 5055.
(27) Poller, R. C. “The Chemistry of Organotin Compounds”; Logos
Press Ltd.: London, England, 1970.

Ph,SnCly-base + HyO — Ph,SnCI(OH) + HCl-base
(2a)

PhySnCly-base + Phy,SnCI(OH) —
Ph,C1SnOSnPh,Cl + HCl-base (2b)
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Anionic monocyclic five-coordinated stannoles [(CsH,08)SnMe X]{Et,N] (X = F, C}, Br, I, 7-10, re-
spectively), [(CgH,CO,S)SnMe,Cl][Et,N] (11), and [(CsH,08)SnMe,I][PhP] (12), all containing ortho
ligand attachments to tin, were prepared in acetonitrile solution by reacting the halide salt with the
four-coordinated stannole precursor. X-ray analysis of the fluoro (7), chloro (11), and iodo (12) derivatives
revealed trigonal-bipyramidal structures showing increasing distortion as the halogen size increases. The
iodo compound forms a weakly coupled dimeric unit formed by intermolecular coordination of an oxygen
atom. These structures represent the first examples of pentacoordinated anionic tin with ring systems
containing mixed ligands attached to the tin center. This work reveals the close similarity in structural
principles for five-coordinated anionic compounds of tin and silicon and the isoelectronic phosphoranes.
7 crystallizes in the orthorhombic space group Pbca with a = 17.794 (2) A, b = 12.060 (2) A, ¢ = 18.095
2) X, and Z = 8. The structure was refined to R = 0.043 and R,, = 0.060. For 11, the monoclinic space
group P2, was obtained with a = 8.971 (2) &, b =10.631 (3) A, ¢ = 11.949 (2) A, 8 = 111.29 (2)°, and Z
= 2. The structure was refined to R = 0.028 and R, = 0.038. The monoclinic space group P2,/n resulted
for 12 with a = 11.951 (3) A, b = 13.169 (3) A, ¢ = 20.125 (5) A, 8 = 106.03 (2)°, and Z = 4. The structure
refined to R = 0.028 and R, = 0.037.

Introduction

Recently, we reported®* the first tin compound having
a discrete rectangular-pyramidal (RP) geometry, the spi-
rocyclic complex [Me,N][(C;HgS,),SnCl] (1). We also
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(1) Pentacoordinated Molecules. 53. Previous paper in the series:
Vollano, J. F.; Day, R. O.; Holmes, R. R. Organometallics, preceding
paper in this issue.

(2) This work represents a portion of the Ph.D. Thesis of J. F. Vollano,
University of Massachusetts, Amherst.

(3) Sau, A. C; Day, R. O.; Holmes, R. R. J. Am. Chem. Soc. 1981, 103,
1264.

(4) Sau, A. C,; Day, R. O.; Holmes, R. R. Inorg. Chem. 1981, 20, 3076.
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synthesized a number of similar anionic, spirocyclic de-
rivatives, 2-5.> From 11®Sn Mossbauer data, the struc-
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X = F,_Z_; Cl,:_S_; Br.lj_-, I,5

tures were indicated to be RP. Anionic tin complexes of
this type are isoelectronic with pentacoordinated antimony
derivatives.®.

(5) Sau, A. C.; Holmes, R. R.; Molloy, X. C.; Zuckerman, J. J. Inorg.
Chem. 1982, 21, 1421.

(6) Holmes, R. R. “Progress in Inorganic Chemistry”; Lippard, S. J.,
Ed.; Wiley: New York; Vol. 32, in press.
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