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Abstract

Several new tetra-aryltin compounds, Ar,Sn [Ar = 3,5(CH ;),C H, 3.5-Z,C,H,. and m-ZC H, (Z =F, CI)] and Ar;SnX xX= Cl
Br, I: Ar = 3,5-(CH,),C,H,. m- and nCH‘OC H,;: X=8n Ar=m-ZC H, “(Z = F. C)] have been hesized by li

and complete solution NMR data {'"Sn. '

appear to exert electronic effects on chemical shifts and coupling

C) are reponed for these and other mera- and orth

1 aryltins. M
steric effects appear to

but for oertho-substi

predominate. Crystal data show that meta-substituted Ar,SnX have trigenal unil cells in contrast to the monoclinic unit cells adopted by

para- and orthe d Ar,SnX. C crystal s

s are reported for (m-CH,C,H;);SnCl: R3. = 149262(15), ¢ =

7.3482012)A, Z=3 and (3.5-(CH hCHLSNCL R3c. a= 15.719(8). ¢ = 15. 593(4)A, Z=6. In both cases, all molecules have

trigonal symmetry, the first such example\ to be reparted.

Kevwords: Aryltin compounds; Substituent effects: NMR spectra: Crystal structures

1. Introduction

In earlier papers in this series, we have considered
the effects of pura-substuuents on the vibrational [2]
and NMR ("°Sn, "*C) [3] specira. as well as on the
crystal and molecular structures of tetra- and triaryltin
compounds [4,5]. The focus of these studies has now
shifted to assessing the comresponding effects of meta-
and ortho-substituents, including those due to both
substituent type and position [1].

Thus, following on our previous work [3] on para-
substituent effects in the tin-119 and carbon-13 NMR
spectra of various Ar,Sn and Ar;SnX (Ar=p-ZC H;
X =Cl, Br, I), we now extend these studies to meta-
and ortho-substituted analogues of the above com-
pounds and compare our results with those obtained
earlier for the ArSn(CH ), system [6].

in addition, while routine examination showed sev-

Currexpondum. author.
' Pant IX: Ref. [1].

eral Ar,Sn to have the expected tetragonal space groups
[4} and (0-ZC,H,),SaX (Z = CH,, CH,0; X = Cl, Br)
to be monoclinic like the comesponding Ph;SaX [7],
meta-substituted  Ar;SnX unexpectedly crysiallise ir
more symmetric trigonal space groups. This prompted
the two full structure determinations reported here.

2. Experimental details

All experimental procedures including microanalyses
and solution (CDCI,) NMR spectra measurements were
as described earlier 3 8]. Arylmercury(II) bromides pre-
pared by the Grignard method using ether or tetrahydro-
furan (THF) [9] were m-chlorophenylmercury(Il) bro-
mide: yield 50%; m.p. 221°C (acetone). Anal. Found:
C., 1837 H, 0.96. C,H,BrCIHg Calc.: C, 18.38; H,
1.03% and the fluoro analogue: m.p. 239°C (lit. 241-
242°C {10]). Mercuration of mesitylene [11.12] gave
mesitylmercery(Il) bromide (mesityl = 2,4,6-
trimethylphenyl); m.p. 192-193°C (li. 194°C [13].
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The following aryliins have already been reported:
Ar,Sn. Ar=m- or 0-CH;OC H, [1]; (Mes),SnX, Mes
=24,6{(CH;),C,H.; X =Br, I [i4]

2.1. Syntheses

All compounds used in this study were prepared by
conventional methods, including those newly synthe-
sised which are listed in Table 1.

2.1.1. Method (A)

The Grignard procedure [8]; also used to prepare
(m-Tol),Sn, m.p. 128°C (lit. 127.5-128.5°C [15]), (o-
Tol),Sn. m.p. 216°C (lit. 217.5-219.5°C [9]) (Tol =
CH;C H,). (m-CF,C¢H,),Sn, mp. 142°C (lit. 143°C
[16]), and (p-CF,C(H,),Sn, mp. 148-149°C (lit.
150-151°C [9].

2.1.2. Methods (B) and (C)

The Kocheskov reaction as used for (m-Tol),SnCl,
m.p. 108°C (lit. 108°C [17]). (B) Several Ar;SnBr were
prepared as (m-CF,C H),SnBr [9] by refluxing a xy-
lene solution of the ArHgBr (vide supra) with tin pow-
der for one to two days (C).

2.1.3. Methods (D)-(F)

Triaryltin iodides were prepared by reacting the re-
quired Ar,Sn with iodine in refluxing CCl, (D), e.g.
tris(m-tolyDtin iodide, m.p. 63-64 °C (lit. 52°C [18]), or
by refluxing the Ar;SnCl with excess sodium iodide in
acetone for two to three days (E) [19]. Halide exchange
(F) [15] 10 convert Ar,SnX to Ar;SnY through the
hydroxide and aqueous HY was used to obtain (o-
Tol);8nBr, m.p. 102-104°C (lit. 101.4-101.9°C {9))
and (o-Tol);Snl, m.p. 119-120°C (lit. 119°C [20]
from (o-Tol),SnCl, m.p. 115-117°C (lit. 115.0-
115.7°C [9]) which was prepared by the literature pro-
cedure as was (m-Tol),SnBr, m.p. 106°C (lit. 104~
105°C [15]).

2.2. X-ray diffraction studies

Crystals suitable for X-ray investigation were ob-
tained by slow recrystallization from ethanol and X-ray
data were collected on an Enraf—Nonius CAD-4 diffrac-
tometer. Cell parameters were derived from 25 reflec-
tions. A Laue symmetry check as well as a systematic
absence verification was used to determine the space
group. Complete crystal data sets were obtained for (a)
Ar,Sn (Ar = 3,5-F,C,H,, m-CF,C H,, p-CF,.C,H )

Table 1

Analytical data *

Ar® Method © Solvent ¢ M.p.{°C) C (%) H (%)
Ar,Sn

3.5-Xyl (A)¢ ethanol 153-155 71.38(71.26) 6.75 (6.72)
m-CiC H, (A) acetone /ethanol 197-198 50.63 (51.06) 3.04(2.86)
35-C1L,CH; {A) acetone 161 41.25(41.02) 1.86(1.72)
m-FCH, e acetone 186 57.82(57.76) 348(3.23)
3.5-F,C H: (A) acetone 201-202 49.82(50.48) 2.2642.12)
Ar:SnCl

3.5-Xyl {B)} ethanol 150-151 61.68 (61.38} 5.91{5.80)
m-Amis B} ethanol 102-103 52.88(53.04} 4.66 (4.45)
-Anis (N ethanol 160-162 52.98 (53.04) 4.24(4.45)
Mes (F) £ acetone 169-171 63.38(63.38) 6.62 (6.50)
Ar,SnBr

35-Xyl (B) ethano! 163-164 55.86 (56.07) 5.40(5.29)
m-Anis (B) ethanol 90-92 43.02 (48.51) 4.16 (4.07)
o-Anis (F' ethanol 168-170 48.86 (48.51) 3.55(4.07)
m-CiC H, ) ethanol 67-69 39.60 (40.54) 206 (2.27)
m-FC H, ©) — <20 44.52 (44.68) 2.52(2.50)
Ar,Sul

35-Xyl (D) ethanot 147 51.32(51.40) 4.72(4.85)
m-Anis (E) ethanol 67-69 42.10 (44.49) 4.10(3.73)
o-Anis " ethanol 160 44.17 (44.49) 3.88(3.73)
? Calculated values in

" Ar: 3,5-Xyl = 3,54CH 3)2CoH i m-Anis = m-CH, OCH,; ¢-Anis = 0-CH,0C H,; Mes = 2.4,6-(CH,,C H..

‘' See text

* Recrystallisation solvent.
© Grignard reagent in THF.
' X=1LY=ClorBr.

¥ X=Br.Y=CL

" Reuction in toluene.
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Table 2

Crystallographic data and structure determination details

(m-CH,C,H_),SnCl

(3.5CH ,),C,H,),8nCl

Crystal data Mo Kae; A= 0. 70930 4)
Molecular formula (M)

Symmetry (space group)

Latice constants (A)

Cell volume (A'); Z

D, (gem™)

T{K)

#-Range (u (mm~')

Data collection
Crystal size (mm*)
Scan type, 8. Adow=(1.00+0.35tn 6)
h. k. { ranges

No. of standard reflections (h™ 1),

intensity variations {%)

Meusured reflections

Independent reflections (K.}

Observed reflections. /> 3u({)

Structure solution and refinerent
No. of parameters, reflections
R.R, .S

(/7

(Ap) e (AP, €AY
Secondary extinction

Final AF map(eA™%)

General buckground

Highest peaks (distances (A) atom
Bijvoet tesi. hund probubility level

€, H2,CISn (427.52)

Trigonat (R3)

a = 14.9262(15). ¢ = 7.3482(12)
1417.83) 3

1.502

200

20-22°(1.50)

0.25(120, 120} X 0.35{011, 011}
%0.39(100, 100}

©/20,25.0°

“14 15,017,028
7110

3340
1116 (0.020}
1tle

99, 558
0.009.0.011. 1.15
0.35

-0.26,0.12
Refined. 0.193(8)

<0.12

none
08x10°"°

C, H,,CiSn (469.62)
Trigonal (R3¢)

@ = 15.77H8), ¢ = 15.593($
3362(2), 6

1.392

220

20-22° (12D

019110, 110} x 0.25{120, 120}
x0.37{001, 001}

w, 25.0°
0-160-16,0—18
T.0£22

6630
1199 (0.030)
219

{15, 669
0015.0018. 143
0.38

—0.18.040

Not refined

<015

040, 0.38(1.0. 1.1)Sa, 0.18(0.9)C]
11107

Y wT =g (F)+ 00001 F,).

(b) Ar;SnX (X =Cl, Br; Ar=m- and 0-ZC H, (Z=

CH,, CH,0)).

For the structure determinations, data collection pa- Atlom  x

rameters for tris(m-tolyDtin chloride (I) and tris(3,5-di-
methylphenylhtin chloride (II) are reported in Table 2.
Intensity data were cormrected for Lorentz and polarisa-
tion effects, but uot for absorption. Structure calcula-
tions were performed using NRCVAX software [21].
Structure 1 was solved by direct methods (SHELXS-86)
[22] and structure II by the heavy atom method, then
both completed using diff: Fourier synth . For
both compounds, the molecules were located on three-
fold axes, so the asymmetric unit was composed of tin,
chlorine and only one substituted phenyl ring. Fuli-ma-
trix least } l on F gave the
refinement parameters in Table 2 with anisotropic ther-
mal parameters applied for non-hydrogen atoms. Hydro-
gen atoms were refined isotropically, initially placed in
calculated positions, the rotation of the methyl groups
obtained from at least one peak of a difference Fourier
map and then all hydrogen atoms refined in the final
cycles. Anomalous dispersion terms were included for
Sn and Cl atoms [23]. While scattering factors were

Table 3
Atom di and equival 7 1 factors
¥ : B
(m-CH,C,H, j;5nCl
Sa o o 1) 2.425(4
Ccl [ (1] -0323%(1) 4023
C(1)  0.08622)  0.158%2) 0.0719%(3) 2639
C(2)  007322)  0.1905(2) 0.2433(3) 3.0X9
C(3)  0.1312Q2)  0.2933(2) 0.2972(3) 343100
Cc4) 0.2018(2)  0.3641(2) 0.1760(4) 371D
C(s) 0.214%2)  0.3347(2) 0.0049¢4) 40211
C6)  0.1575(2)  0.2315(2) —-047X3) 33210
C(31)  O.1160(3)  0.3263(3) 0.43841($) 5.25(16)
(3,5-(CH, },C, H,),SnCl
Sn 0 0 3.376(10)
Cl 0 0 —0.151%1)  459%6)
C(1)  00724(3) —007633) 003973} 372
Cc2) 0.0530(4) —0.1175(3) 0.1213(3) 442}
<3 0.1045(4)  —0.1005(4) 0.1540(3) 5.13)
C4) 0.1762(4)  —0.1610(4) 0.1025(4) 5.003)
C(5)  0.4955(4) —0.1230(8)  0.0218(3) +.8(3)
C6)  0.14253) -0.0807(3) —00100(3) 35(2)
C(31)  008616) —020126)  0.24324) 7.H3)
Ci3D 02745(5)  -0.1243(5)  —0.0316(4)  7.3(5)

Bio

is the mean of the principal axes of the thermal ellipsoid.
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from the literatuie [24], the enantiomorphy was con-
firmed by Bijvoet analysis of the Friedel pair reflec-
tions. Final atom coordinates (non-hydrogen atoms) and
isowopic thermal parameters are given in Table 3. Ta-
bles of crystal data sets, anisotropic thermal parameters,
complete bond lengths and angles. and hydrogen atom
coordinates have been deposited at the Cambridge Crys-
tallographiic Data Centre. Structure factor lists are avail-
able from M.G.S.

3. Results and discussion
3.1. NMR studies

3.1.1. Tin-119 dara

Tin-119 chemical shifts for all compounds examined
in this work are given in Table 4. The trend in (-
YC H,),Sn values clearly parallels that for the para-
compounds (Fig. 1), as was found earlier for the

Table ¢

"Sn NMR data for Ar,Sn and Ar,SnX in CDCI,

No. Ar® Cone. (M) 5('"*Sn) (ppm) w3 $n="C) (Ha) ©

n=1 n=2" n=2 n=3 n=3 n=4
Ar;Sn
(A) C,H ¢ sat. 355 — 531 — 10.7
) m-Tol 0274 36.2 36.7 50.3 535 1.3
Q) 3.5-Xyt 0.224 36.3 — 33.0 —_ 114
3 m-Anis 0.334 420 318 64.7 60.1 10.6
) o-Tol sat. 321 412 424 517 10.1
(3) a~ADIS 0.093 no. 3Lt 279 547 n.o.
{8) m-CIC, H, 0.286 418 353 69.9 56.6 108
(&2} 3.5-C1.C H; 0.189 40.3 — 769 — 9.7
(8 m-FC H, (1.092 414 318 734 6L.2 0.2
) 35-F,CH, sat. —119.58 $0.6 — 89.8 —
10} p-CF,.C H, 0.183 - 13402 40.1 — 531 — 12.2
an m-CF,C H, sat. —126.31 438 40.0 n.o. 3% 0.
Ar.SnCl
(B) C.Hs " 0.261 — 4481 6157 498 — 63.5 — 13.2
a2) m-Tol 0.291 ~42.33 607.0 493 477 629 66.5 140
13 35-Xyl 0.217 —39.68 602.6 4.5 — 65.5 — 13.7
(14 m-Anis 0411 ~44102 6152 540 8.3 786 76.1 130
(5) o-Tol 0.793 -32.28 603.9 421 53.5 53.8 649 12.0
(16} Mes 0.215 —84.39 596.1 452 - 542 — 1.3
an o-Anis 0.260 ~56.68 684.8 no. 341 352 676 9.4
Ar.SuBr
«©) C.H Y 0.236 —60.01 596 3 49.4 — 62.5 —
1asg) m-Tol 0271 390.5 493 474 618 65.9
(19} 35-Xyl 0.238 5 5844 48.5 — 66.9 —
(20} m-Anis 0.250 -58.51 596.1 544 480 81,6 746
Qn o-Tol 0.235 ~53.98 586.1 419 542 530 64.2
(22) Mes 0.197 — 12098 3798 453 — 536 —
(23) 0-Anis 0.201 —74.31 666.2 9.4 353 345 678
€24) Q) R, 0.285 —67.58 3994 54.2 47.0 840 714
(25) m-FC, H, 0.439 —67.31 608.8 538 46.7 83.6 753
(26} m-CF,C H, 0.346 —67.80 6139 36.6 492 no. 64.1
Ar Sal
(» C,H 0249 - 11338 5709 48.6 — 6l.1 — 146
on m-Tol 0.325 —108.47 563.6 8.4 7.4 61.3 659 13.6
28) 3.5-Xy1 0.209 ~-103.71 558.8 477 —_ 64.7 — 13.8
{29) m-Anis 0.206 —110.52 568.1 540 473 78.2 736 12.3
30} o-Tol 0.161 - 121.84 539.4 09 53.7 516 640 126
31 Mes 0.298 =217.10 554.0 43.7 — 523 — 1.8
(32) o-Anis 0.398 — 13568 6358 n.o. 341 33.1 67.6 94

? Tol = CH,C H,. Xyl = (CH 1,C H. Anis = CH OC,H,, Mes = 246-(CH ),CH .

Duta from carbon- 13 spectra.

* On substituent side of pheny! ring.

ey
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1. Tin-119 chemical shifts; values for { p-YC,H,),Sn plotted
nst those for (me-YC H, 1, Sn.

ArSn{CH,), system [6], but in contrast to that case, for
Ar,Sn the overall 8(''°Sn) range is less for the mera-
compounds than in the para-series. Both Ar,Sn series
show the same dependence on the resonance parameter
[25] oy or o° (Fig. 2), the point for tetraphenyltin
being included in both cases. These results are consis-
tent with the earlier suggestion [3] that for Ar,Sn the
substituent etfect depends on the m-electron donor abil-
ity of the substituents (signified by o or o° values) to
increase w-electron density at the ipso-carbon and thus
indirectly cause a shift of the '"Sn resonance to higher
frequency.

In agreement with this picture. the meta-effect on
8('""Sn) is less than the pura-effect but is synergic. the
effect increasing as F>Cl>CH,, ie. as the sub-
stituents are better w-donors. In contrast. the substituent

o~
116 AN
N
N
.
-118+ o
@
-120 +_ para
\\
-122 4 .

5(Sn)ppm

o
SR

Fig. 2 Tin-119 chemicat shifts for {p-Y H,),Sn (O) or {(m-
YC,H,),Sn (O) plotted against oy,

[y

B8

.58
-60 o

62

&(Sn)ppm

664
O\ o
——— 1T

]
0t 0.0 a1 G° 0.2 a3 04 05
m

Fig. 3. Tin-119 chemical shifts for (m-YC H )SnBr plotted against
o,

68

effect of the weak w-acceptor group, CF; (63" = 6.10
[25]) does not follow from the trends shown in Fig. 2.
8('"Sn) being at lower ( pera) or higher (merta) fre-
quency than the predicted values, —130.9 and
— 129.7 ppm respectively. This implies that a different
substituent effect mechanism is required for this case.
Lastly. we note. as for the ArSn(CH,), system [6]. that
tin-119 shifts for Ar,Sn comelate well with shifts of
lead-207 in the comesponding Ar,Pb compounds [26}.
Thus the overall correlation has &(*"'Pb) =
2.068('"Sn) + 88.3 (n=11. r = 0.984), which is con-
sistent with the more general one noted for 7P and
'"Sn chemical shifis [27] as well as that for a limited
number of tetra-aryls [28]. Our data permit analysis by
substituent position, para: 8(*7Pb) = 1.995('"*Sn) +
78.6 (n = 3. r=0.996). meta: 8(**"Pb) = 3.155('"*Sn)
+2325 (n=S5. r=0995), ortho: 8(CPb) =
2.485("%Sn) + 141.7 (a=3. r=0.999). This would
indicate that while substituent effects in Ar,Sn and
Ar,Pb are very similar, they are not identical.

Only the Ar,SnBr series was studied in the same
detail as the Ar,Sn system. Comparison of 5(''”Sn)
values for the para- and meta-analogues shows no
correlation {(r=0.42), but the chemical shifts for the
meta-series do correlate well with o, or betier o°
(Fig. 3). even with the datum point for the CF; sub-
stituent included. This would imply that for (m-
YC,H,)SnBr a ground state substituent effect pre-
dominates, that is, as Y becomes more electron attract-
ing overall. the jonic character of the Sn-Br bond
diminishes and the tin resonance shifts 10 lower fre-
quency [29]

Two distinct orrho-effects are observed using CH,
and CH ;O as substituents. For ¢-CH, in Ar,Sn and
Ar;SnX (X =CL Br). an increase in frequency for
8("'"Sn), almost the same as for p-CH,, is seen. This is
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probably an elecironic effect since o,” [25] has almost
the same value as (g, 0,°) and (0%, o°) for this
substiteent. However, for (o-Tol);Snl a decrease in
8(*'°Sn) occurs. This effect is magnified with CH,0 as
the ortho-group and changes for Ar,SnX as X = Ar <

Table §
*C NMR chemical shifts (ppm) for Ar,Sn and Ar,SnX in CDCl,

Cl<Br <I. The effect of two ¢-CH; groups in the
(Mes),SnX series is even more dramatic, with 8", =
—217.10ppm for (Mes),Snl approaching the range ap-
propriate to five-coordinate triphenyltin halide systems
[30].

No. ? i-C oC P o-C mC?® m-C p-C

Ar Sn

(A) 13804 13731 128.69 12017

m 13795 13426 13777 13795 12833 12984  CH, 8('°C)21.53: 4('"Sn-""C) 40

) 13809 13495 — 13766 — 13078 CHp 8("*C) 21.41

3) 13886 12255 12033 15940 12950 11434 CH,0: 8(°C) 5500

&)} 13964 14500 13742 12059 12577 12904 CH, 8(°C) 25.05: *J(""Sn-"C) 27.6

5 13012 16357 13800 10950 12104 12966  CH,0: 8(*C)55.14

(6) 13828 13629 13482 13542 13024 13000 ’

(@)} 13804 13417 — 13638 — 130.72

®) 13861 12325 13254 16299 13030 11680  J(“F-w'*C) 2515, W(PF-pC) 211, L F-0"'C) 18.8.
JCOF-m' 0 6.7, WUF-iCY 33, (Y F-e O 3.2,
y("sn-1"F) 282 ¢

9) 13831 11898 — 16347  — 106.12 '(OF-m' 0 256.4, W(OF-p"*C) 24.7, LI(PF-cC) 15.7.
ICVF-mC) 10.2, I F-iCY 4.6, *J(°F-0'7C) 6.9,
JJ(Ill)S“_I')F) 3]8 ©

10 14079 13730 — 12557  — 13217 CFp 8(%0) 123.94: "1V F=27C) 272.4, JI(PF=p'C) 3235,
2J(PF-m'*C) 3.6, "J("F-i'*C) 5.2

an 13684 13313 14026 13141 12042 12689 CF,: 8('*C) 124.02: 'J(F-1"C) 2729, *J("F-m'*C) 32.1,
JCOF-017C) 38, J(F-p"*C) 3.8, H(UF-m ) 1.4

Ar, SnCl

(B) 13733 13618 129.03 130.24

(12) 13721 13306 13657 13874 12884 13120  CH, 6('°C)21.49: (' sn-"*C) 46

a3 13745 13334 — 13844 — 13211 CH,: 8(7C) 21.36: 4 °8n-""C) 5.4

a4 13806 12130 12805 15976 13000 11595  CH,0: 8("C)S

a5 13869 14455 13627 1MLI3 12600 13049 CHp 607C)24.69:70( USa-"2C) 353

(16) 14137 1310 — 12898 — 139.50  0-CH,: 8('°C) 25.21: *('"Sn="2C) 404, p-CH,: 8(*C)21.01

an 12903 16276 13654 10999 12173 13132 CH,0: 8("C) 5547

Ar.Sndr

© 137.16 13637 — 12932 — 130.58

s 13687 13312 13665 13870 12880 13113 CH.: 807012150

19} 13682 13364 — 13838 — 13204 CHp: 5(YC)21.35: (1 "Sn- 0y 5.4

1)) 13778 12133 12844 15972 12995 11587  CH,0: 8("*C)55.19

@n 13802 14453 13646 13047 12641 13048 CH,: 8('°C)24.77: "4 "8n-"C) 34.7

22) 14114 14438 — 12012 — 139.54  0-CH,: 8(*C) 25.71: J('""Sn-"3C) 40.6. p-CH,: 6("CY21.11

23) 12882 16271 13677 11602 1207Y 13133 CH,0: 8('*C) 5546

(2] 13771 13545 13385 13572 13049 13098

25} 13794 12253 131.60 16300 13084  117.89 IO F-m'*C) 252.5, 2" F=p'*C) 20.8. *J("F-0'*C) 19.7.
FICUE-mC) 7.1, FH(F=i'*C) 3.8, J(UF-0'*C) 3.2,
HSn-1F) 344 ¢

Ar Snl

6) 13667 13239 13936 13172 12972 12778 CF.: 5(C) 12385 'J(F-"*C) 2728, J(UF-mC) 324,
FHF-017C) 3.6, J(F-p"C) 3.6

D) 13630 13630  — 12003 — 130.24

oD 13624 13325 13679 13860 12872 13099  CH,: 8(°C)21.51

28) 136.19 13378 — 13827  — 13190 CH,: (702135, %0 "sn-17C) 5.3

29 13717 12158 12825 15962 12985 11569  CH,0: 8("C)55.2

30) 13654 14444 13681 13020 12607 13042 CH, 5("°C)24.94:"5('"S0-"*C) 348

(&3} 14004 14402 — 12900  — 13030 o-CH;: 8(*C)26.27: "4('"”Sn-"*C) 40.7, p-CH,: 5('*C) 20.96

(32) 12794 16259 137.03 11004 12154 13129 CH,0: 5(''C)S5.35

* See Table 4.

" On substituent side of phenyl ring.

Data from tin-119 spectra.
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Fig. 4. View of the molecule {3.5-(CH),CH,),SnCl (I} showing
the numbering scheme for I and IL

3.1.2. Carbon-13 data

One bond (*'?Sn-'3C) coupling constants (Table 4)
for Ar,Sn and Ar,SnBr (Ar=m-YC,H,) both qualita-
tively correlate with o, o, or g,° (n =5 (with CF,);
r=074-0.78 (Ar,Sn), r = 0.82-0.81 (Ar;SnBr))
which is in contrast with the inverse quantitative corre-
lation with oy or o}° found for para-substituents [3].
Thus, the electronic effects are opposite, meta-sub-
stituents which are better o-electron acceptors cause

Jg,_¢ values to increase while pagra-substituents must
be stronger m-electron donors to have the same effect.
The effects of CH; and CH ;0 as ortho-substituents are
contradictory, as shown by the orders of lJS“AC data,
for all four aryltin systems examined: CH;, o <m <p,
but for CH,0, m<p<o.

Carbon-13 chemical shift data {Table 5) show changes
typical of the corresponding substituted benzenes and
can be closely reproduced (+2ppm) by the additivity
rule {31] (A), 8(ppm) = 128.5 + ZZ(X), where Z,(X)
is the substituent chemical shift parameter (ppm) for the
given position (&) derived from data for the appropriate
C,HsX. This has already been validated for various
Ar,M (M = Si-Pb) [32]. Ous results (available from the
authors (L.W.)) extend this agreement to Ar,SnX (X =
Cl, Br, 1), the calculations taking into account the slight
variation in Z,(Sn) required with different aryltin sys-
tems [33]. Of more interest are systems which do not
agree with (A), i.e. o-anisyl- or mesityltin compounds.

0

Table 6 )

Selected bond lengths (A) and angles (°)

fa} (m-CH,C H, 1, SnCl

Sn—Cl1 2.379(D Cl---8n* 4.969(1}
Sa-CK1} 2.124(2) C(3)-C(31) 1.515(3)
C(N-C(2) 1.392(3) Cc(-Cl6) 1.386(3)
Cl-5n-C(1) 104.40(6) CtH-Sn-CU) " 1H4.03(13)
Sn-C(1)-C(2) 119.61(15)  Sn-C(1)-C(6) 121.02(16)

Cl-Sa-C(1)-C(2) 158.21)  Cl-Sn-C(D)-C(6) —23.H1)
(BH3.5-(CH,),C, H,),SnCI

Sn—Ci 23575(2)  Cl---$a¢ 5.43%2)
Sn-CK1) 21244)  CR-CGDH 1.498(8)
C5)-CS 1Y 1.509(8)  C(D-C(D) 1.39%6)
CN-C(6) 1.381(6)

Cl-Sn-C(1) 186.965(1) C(D-$n-C(1)®  111.9(2)
Sa—C(1)-C(2) 1184(3)  Sn-C{1)-C(6) 122.4(3)
Cl-Sn-C(D-C(2} —157.203)  CI-So—C(D-C(6)  27.32)

For both series. the 8('C) values for the ipso-carbon
are approximately 6ppm to higher frequency than the
values calculated using {A), a change noted also for
triphenyltin systems ongoing from four- to five-coordi-
nation at tin [30].

3.1.3. The ortho-effect

The steric ortho-effect seen in this work was also
observed earlier for the ArSn(CH,), system [6], and has
also been reported in the spectra of triarylphosphines
and their derivatives [34-36]. In both Ar,X) and
Ar,SnX cases, the ortho-effect varies with the group X.
In fact, this ortho-effect is a particular example of the
more general ‘y-effect’ in the spectra of heavy nucle
(ie. °C, "°F, *'P. etc.) [37] where, tor 2xzinple, methyt
substitution at the y-position in the fragment V,-Xp—
Y.-Z, may cause a shifi to lower frequency (upficld)
of the 8(Y) value for the nucleus Y, , and this has been
correlated with an increase in the X-Y-Z bond angle
[38]. It would thus be of interest to cormelate the large

oo A

Fig. 5. Packing diagram for (m-CH,CH,),SnCI{1); view perpendicular to the ¢-axis.
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Fig. 6. Packing diagram for I1: view down the c-axis.

ortho-etfect for (Mes),Snl compared with Ph,Snl. with
the change in the geometry around tin found in the
crystal structures of these compounds [14]. Similarly,
the ortho-cffects of the CH,O- group seen in the
spectra of (o-Anis),;Sn and (o-Anis);SnX (X = CI, Br,
D. which include an increase in the 'Jig, _c, value,
possibly a sign of increased coordination at tin {30],
may correlate with the shorter Sn—O distances found in
the crystal structures of (o-Anis),Sn [1.39] and (o-
Anis),Snl [40]. which might indicate weak Sn—O inter-
actions. increasing the coordination at tin. However,
such correlations of ortho-effects deduced from solu-
tion NMR studies with solid-state structural data must
be viewed as completely speculative and clearly solid-
state NMR data are required for more definitive conclu-
sions to be drawn.

3.2. Structures of (m-CH,C,H, ), SnCl (1) and (3.5-
(CH.)-,.C,H,).SnCl (1)

Crystal data for both I and 1¥ (Table 2) as well as for
(m-CH,0C H,),SnX (X = Cl. Br) [41] show the com-
pounds to have trigonal space groups which, in fact,
correspond to their molecular symmetry. shown for Il
in Fig. 4 with selected geometric parameters in Table 6.
In both compounds, the molecules pack closely head to
tail (Fig. 5), with the Sn—Cl bonds lying on the three-fold
principal axes. Thus, both 1 and Il have the trigonal
propeller conformation required for the lowest molecu-
lar energy. In contrast, nearly all other Ar,3nX struc-
wres have unsymmetric molecules which pack in space
groups P2 /¢ (P2,/a or P2, /n) or pseudo-P2, /¢
(P1) [7.14.40] which are required to maximize crystal

packing efficiency, even though they are not then in the
lowest molecular energy conformation [42].

All intermolecular interatomic distances in ¥ are
greater than van der Waals, the most significant interac-
tion being the approach of a methyl hydrogen to o- and
m-carbon atoms (2.93-2.95A) in a phenyl ring of a
molecule in a neighbouring column. Simulation of the
crystal structure of II by replacing meta-hydrogens in 1
with methyl groups gives rise to short intercolumn H-H
interactions (1.82-1.92 A). This steric strain is accom-
modated in the structure of II by (a) increasing the
intermolecular distance (Sn—C1) in the chain so the
molecules are further apart and (b) the bending of
phenyl rings in these molecules away from each other
so the orientation of rings of molecules in the same
column alternates down the ‘chain’ (Fig. 6). i.e. both
enantiomorph confirmations are present in 11 as com-
pared with one in the case of 1.

Recently, a trigonal polymorph of triphenyitin chlo-
ride has been identified [43]. However, the structure has
a trigonal Ph;SnCl surrounded by three equivalent
asymmetric Ph,SnCl molecules so that the “tetramer’
can still pack efficiently in the resulting crystal. The
structures of I and II are thus the first example of
Ar,8nX structures where all molecules have the trigonal
symmetry expected for the lowest molecular energy
conformation.
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