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ABSTRACT: N-Triorganostannyl pyrroles (1) and indoles (2) [R\ Me (a), Et (b), tBu (c)], N-(R3Sn)-substituted
trimethylstannyl-carbazole (3), N-trimethylstannyl-2,5-dimethylpyrrole (1d), the corresponding silicon and lead
derivatives [1d(Si) and 1d(Pb)] and N-trimethylstannyl-2-methylindole (2d) were prepared and studied by multinu-
clear magnetic resonance (1H, 13C, 15N, 29Si, 119Sn and 207Pb NMR). The absolute signs of numerous coupling
constants nJ(119Sn,13C) and 1J(119Sn,15N) (\0) were determined by appropriate 2D heteronuclear shift corre-
lations of the type 13C/1H and 15N/1H. Precise measurement of the coupling constants 1J(119Sn,15N) from 119Sn
NMR spectra by using Hahn-echo extended (HEED) polarization transfer pulse sequences enabled one to obtain
isotope-induced chemical shifts 1*14@15N(119Sn) at natural abundance of 15N. The 1*14@15N(119Sn) data become
more negative with increased branching of the substituent R at the tin atom and with stronger steric interactions.
The latter e†ect is also evident from d119Sn values and changes in the magnitude of the coupling constants
1J(119Sn,13C) or 1J(119Sn,15N). 1998 John Wiley & Sons, Ltd.(
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INTRODUCTION

Azoles bearing organometallic substituents are attrac-
tive reagents in synthesis owing to the reactive carbonÈ
or nitrogenÈelement bonds. Although the SnÈN bond
should be particularly reactive,1 only a few N-
stannylpyrazoles, -imidazoles, -triazoles and -pyrroles
and N-trimethylstannylcarbazole have been pre-
pared.2h5 Systematic 1D 1H, 13C and 119Sn NMR mea-
surements have been carried out for some
N-stannylpyrroles,5,6 and 1D and 2D NMR techniques
were applied to obtain 15N NMR parameters for N-
trimethylstannylpyrrole.7 Our current interest in 15N8
and 119Sn NMR parameters9 prompted us to synthesize
a series (Scheme 1) of N-triorganostannylpyrroles (1)
and -indoles (2) and the carbazole derivative 3. Coup-
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ling constants 1J(119Sn,15N) for these compounds have
not been reported, with the exception of 1a and 1d,7
and this is also true for the signs of the coupling con-
stants nJ(119Sn, and n`1J(119Sn, These13Cazole) 1Hazole).
parameters will be discussed with respect to the di†er-
ent organyl groups attached to the tin atom and the
nature of the azole system.

RESULTS AND DISCUSSION

The 13C, 15N and 119Sn NMR data for compounds 1È3
are listed in Table 1. In general, there is reasonable
agreement with literature data,5h7 where available.

Measurement of 1J(119Sn,15N) and isotope-induced
chemical shifts 1D15¿14N(119Sn)

All values of 1J(119Sn,15N) could be measured within a
few minutes each from 1D 119Sn NMR spectra by using

Scheme 1. N-Azolyltin compounds studied.

( 1998 John Wiley & Sons, Ltd. CCC 0749-1581/98/010039È07 $17.50



40 B. WRACKMEYER ET AL .

Table 1. 13C, 15N and 119Sn (29Si,207Pb) NMR dataa for N -pyrrolyltin derivatives 1a� f, the N -
pyrrolylsilicon compound 1d(Si) and the N -pyrrolyllead compound 1d(Pb)

d13C

No. C(2,5) C(3,4) R R2@5 d119Sn 1*15@14N(119Sn)b d15N

1a 124.4 109.8 [3.8 È 72.9 [38.0 [216.2
[[13.7] [[16.4] [[397.7] [[37.2]

1b 125.0 109.8 5.0, 10.2 È 52.6 [48.0 [231.0
[[9.0] [[14.0] [372.8] [26.2] [66.5]

1c 125.6 109.9 32.7, 30.7 È [9.2 [59.5 [222.9
[[7.0] [[12.9] [389.6] [\2] [[99.9]

1d 133.0 108.7 [3.4 16.5 57.2 [46.5 [216.1
[[12.5] [[19.6] [[394.0] [[7.1] [[25.2]

1d(Si) 133.0 111.1 2.8 16.8 8.7c [9.2c [220.1d
(\1.5) (\1.5) ([57.8) (\1.5) (13.5)

1d(Pb) 133.5 107.3 10.4 17.2 170.3e [96.0e [206.0
M\5.0N M\5.0N M310.0N M\5.0N M300.1N

1e 124.9 109.7 21.4f È [29.1 [37.8 [219.7
[[10.0] [[15.7] [323.0] [89.1]

1f 126.3 110.2 136.0g È [106.2 [222.5
[[15.4] [[20.3] [624.0] [14.8]

a In (50%, v/v) at 298 K. Coupling constants nJ(119Sn,X) (X\ 13C, ^0.5 Hz ; X \ 15N, ^0.1 Hz) are given in squareC6D6brackets, nJ(29Si,X) in parentheses and nJ(207Pb,X) in braces (X\ 13C, ^0.5 Hz ; X\ 15N, ^0.1 Hz).
b Isotope-induced chemical shifts in parts per billion (^2 ppb) ; a negative sign indicates that the heavier isotopomer resonates
to low frequency with respect to the lighter isotopomer.
c d29Si [1J(29Si,15N)] ; 1* 14@15N(29Si) (^1 ppb).
d 1J(15N,13C)\ 8.7 Hz ; 1* 12@13C(15N)\ [21 ^ 2 ppb.
e d107Pb M1J(107Pb,15N)N ; 1* 14@15N(107Pb) (^5 ppb).
f d13C\ 138.7 [[38.5] 128.6 [15.6] 127.5 [31.0] 124.5 [20.0](C

i
) ; (C

o
) ; (C

m
) (C

p
).

g d13C\ 137.0 [45.0] 129.5 [61.7] 130.7 [12.8](C
o
) ; (C

m
) ; (C

p
).

the Hahn-echo extended (HEED)7 refocused INEPT10
pulse sequence with 1H decoupling. The major part of
the induced transverse magnetization responsible for
the broad parent signal of the 14NÈ119Sn isotopomer
decays during the Hahn-echo delay time as a result of
scalar relaxation of the second kind,11 whereas the
transverse magnetization of the 15NÈ119Sn isotopomer
is hardly a†ected (see Figs 1 and 2). These experiments
also give the isotope-induced chemical shifts
1*14@15N(119Sn) with 15N at natural abundance.

Determination of signs of coupling constants
1J(119Sn,15N), nJ(119Sn,13C) and n‘1J(119Sn,1H)

The determination of absolute signs of coupling con-
stants is most readily achieved by 1D or 2D experi-
ments designed for the comparison of relative signs of
coupling constants. If one or more of such experiments
include so-called key coupling constants for which the
absolute sign is known [e.g. 1J(13C,1H)[ 012 or
2J(119Sn, with few and rather special1Hme) [ 0

Table 2. 13C, 15N and 119Sn NMR dataa for N -indolyltin derivatives 2a–d

d13C

No. C(2) C(3) C(3a) C(4) C(5) C(6)b C(7) C(7a) d119Sn 1*c d15N

2ad 131.6 103.7 131.7 121.1 120.9 119.1 112.8 142.9 73.1 [50.8 [240.5
[8.5] [14.2] [12.6] [8.0] [7.0] [45.3]

2be 132.3 103.9 131.6 121.0 121.0 119.2 112.9 143.5 53.9 [52.8 [243.2
[8.6] [11.2] [10.0] [78.4]

2cf 133.9 104.2 131.6 121.0 120.6 119.3 114.7 143.5 [38.3 [80.5 [240.8
[6.7] [7.4] [143.1]

2dd 142.5 103.4 132.3 120.0 119.8 118.9 112.4 144.2 64.3 [52.5 [239.3
[8.6] [11.6] [15.6] [8.0] [8.9] [40.4]

a In (50%, v/v) at 298 K. Coupling constants nJ(119Sn,X) (X\ 13C, ^0.5 Hz ; X\ 15N, ^0.1 Hz) are given in square brackets.C6D6b Without assignment.
c 1*14@15N(119Sn) isotope-induced chemical shifts in parts per billion (^2 ppb) ; a negative sign indicates that the heavier isotopomer resonates to
low frequency with respect to the lighter isotopomer.
d d13C (2a) \ [5.6 [393.7] d13C (2d) \ [3.9 [392.1] 16.8 [6.6] (Me).(SnMe3) ; (SnMe3) ;e d13C (2b) \ 5.0 [369.5], 10.2 [25.2] (SnEt3).f d13C (2c) \ 36.2 [336.1], 32.1 [\2] (SntBu3).

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 39È45 (1998)



N-STANNYL-SUBSTITUTED AZOLES 41

Table 3. 13C, 15N and 119Sn NMR dataa for the N-carbazolyltin derivative 3

d13C

C(1a) C(1) C(2)b C(3) C(4)b C(4a) R d119Sn 1*c d15N

147.4 112.6 125.4 118.7 120.8 126.3 [4.6 69.0 [56.6 [261.6
[6.7] [7.4] [11.0] [391.0] [48.1]

a In (50%, v/v) at 298 K. Coupling constants nJ(119Sn,X) (X\ 13C, ^0.5 Hz ; X\ 15N, ^0.1 Hz) are given in squareC6D6brackets.
b Without assignment.
c 1* 14@15N(119Sn) isotope-induced chemical shifts in parts per billion (^2 ppb) ; a negative sign indicates that the heavier
isotopomer resonates to low frequency with respect to the lighter isotopomer.

exceptions13], other absolute signs of coupling con-
stants become accessible. The presence of two active
spins (e.g. X and 1H) and one passive spin Y is required,
and in most cases a 2D X/1H heteronuclear shift corre-
lation (HETCOR), either X or 1H detected, provides a
convenient way to compare the relative signs of J(X,Y)
and J(Y,1H). Alike signs are evident from a positive tilt
of the relevant cross peaks in the 2D contour plot,
whereas a negative tilt indicates opposite signs.14 If the
nuclei X and/or Y possess a negative gyromagnetic
ratio c, it is advisable to use the notation of reduced
coupling constants K [e.g. K(X,Y)\ 4n2J(X,Y)
(cX cY h)~1].

In Scheme 2 various isotopomers are shown together

Figure 1. 186.5 MHz 119SnM1HN NMR of 1b (ca . 40%, v/v,
in at 25 ^ 1 ¡C), recorded by the HEED INEPT pulseC6D6
sequence. Repetition delay, 5 s ; acquisition time, 3.5 s ;
Hahn-echo delay, 0.015 s ; result of 128 transients.

with the relevant NMR experiment in order to compare
the signs of coupling constants. In the case of 1a, a 2D
15N/1H HETCOR experiment (Scheme 2, A), based on
3J(15N,Sn,C,1H), proves that the signs of 1K(119Sn,15N)
and 2K(119Sn, are alike. Since 2K(119Sn,1HMe) 1HMe) \ 0
[2J(119Sn, it follows that 1K(119Sn,15N)\ 01HMe) [ 0],
[1J(119Sn,15N)\ 0]. The data in Table 1 clearly indi-
cate that the sign of the coupling constants 1J(119Sn,
15N) in the compounds studied will be negative, except

Figure 2. 93.3 MHz 119SnM1HN NMR of 2c (ca . 10% in
at 25 ^ 1 ¡C), recorded by the HEED INEPT pulseC6D6 ,

sequence,7 showing the inýuence of diþerent Hahn-
echo delays ; 0.008 s for the upper and 0.2 s for the lower
spectrum. Repetition delay, 5 s ; acquisition time, 3.5 s ;
result of 1024 transients each.

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 39È45 (1998)



42 B. WRACKMEYER ET AL .

Scheme 2. Examples of isotopomers of 1a and 1d showing the active spins (either irradiated or observed; connected by
a drawn line) and the passive spin (connected with the active spins by broken lines) which serve for comparing coupling
signs. Owing to c(15N) \ 0 and c(119Sn) \ 0, the notation of reduced coupling constants is used.

in the case of 1f where the magnitude of 1J(119Sn,15N)
is small (14.8 Hz) and can be of either sign. The infor-
mation on the sign of 1J(119Sn,15N) can be used to
determine other absolute signs, as shown in Scheme 2
for 1d as a representative example.

The various HETCOR experiments listed in Scheme
2 demonstrate that the comparison of relative coupling
signs Ðnally leads to a series of absolute signs. The mag-
nitude of the coupling constants in 1a and 1d, when
compared with analogous coupling constants in the
other azole derivatives, suggests that there will be no
changes in most of the coupling signs. A further 15N/1H
HETCOR experiment (Scheme 2), this time based on
3J(15N, proves that the signs of 1K(119Sn,1HMev2, 5),15N) and 4K(119Sn, are alike, which means1HMev2, 5)4K(119Sn, [4J(119Sn, (see1HMev2, 5)\ 0 1HMev2, 5) [ 0]
Fig. 3). Then various 13C/1H HETCOR experiments,
based on 1J(13C,1H) (e.g. for 1c as shown in Fig. 4),
2J(13C,1H) and 3J(13C,1H) reveal the other missing
signs of coupling constants, as listed in Scheme 2.
Figures 3, 4 and 5 also show that couplings such as

4J(119Sn,1H) or 3J(119Sn,1H), badly resolved in the 1D
1H NMR spectra, become well resolved in the 2D
spectra.

d13C, d15N, d119Sn and isotope-induced chemical
shifts

The d13C values of 1È3 exhibit no unusual features
when compared with the parent compounds.15 This is
also true for the d15N values, although the data for the
pyrrole derivatives cover a larger range than those of
the indoles. Comparison of the d119Sn data for 1aÈc
with those for 2aÈc shows that the parallel trend is lost
for the derivatives 1c and 2c, pointing towards di†erent
e†ects due to steric crowding. It appears that in 2c
stronger interactions between the three tert-butyl
groups and the indolyl group induces increased 119Sn
nuclear shielding, whereas the e†ect of methyl and ethyl
groups attached to the tin atom is independent of the
azolyl group. In the case of 2c, the inÑuence of steric

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 39È45 (1998)
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Figure 3. Contour plot of the 30.4 MHz 2D 15N/1H
HETCOR spectrum [based on 3J (15N,1H); drawn line in
the formula]. The cross peaks for the 119Sn satellites
show a positive tilt, and therefore the signs of 1K (119Sn,
15N) (\0) and 4K (119Sn,1H) (\0) are alike (the couplings
for which the signs can be compared are indicated by
broken lines in the formula).

crowding is also evident from the isotope-induced
chemical shift and the coupling constants 1J(119Sn,15N)
and 1J(119Sn,13C) (see below).

Some 1*14@15N(119Sn) data have been measured,
most of them by HEED experiments.7,16 However, the
present data allow for the Ðrst time a comparison
between 1*14@15N(119Sn), 1*14@15N(29Si) and
1*14@15N(207Pb) for the same type of compound [1d,
1d(Si) and 1d(Pb)], and it seems that a relationship
emerges between the magnitude of 1*14@15N(119Sn) and
steric crowding. In the series 1d, 1d(Si) and 1d(Pb), the
changes in the 1*14@15N values correspond approx-
imately to the changes in the respective radial expan-
sion terms, i.e. to the ratio of chemical shift ranges.17
Inspection of the 1*14@15N(119Sn) data for the pyrrole
derivatives shows the smallest negative value for 1a and
the largest negative value for 1c. Similarly, the
1*14@15N(119Sn) value for 1d is signiÐcantly more nega-
tive than that for 1a. These e†ects become more pro-
nounced in the series of indoles 2aÈc with the largest
negative 1*14@15N(119Sn) value for 2c where steric crow-
ding is most e†ective. Unfortunately, our attempts at
the synthesis of the corresponding N-carbazolyl deriv-
ative were not successful. If one compares the
1*14@15N(119Sn) values for the series 1a ([38.0), 2a

Figure 4. Contour plot of the 125.8 MHz 2D 13C/1H
HETCOR spectrum of 1c [based on 1J (13C,1H)] showing
the region of the 13C(2, 5) resonance. The cross peaks for
the 119Sn satellites are marked, and the positive tilt indi-
cates that the signs of 2J[119Sn,13C(2,5)] are 3J[119Sn,
1H(2,5)] are alike.

Figure 5. Contour plot of the 125.8 MHz 2D 13C/1H
HETCOR spectrum of 1c [based on 1J (13C,1H)] showing
the region of the 13C(3,4) resonance. The cross peaks for
the 119Sn satellites are marked, and the positive tilt indi-
cates that the signs of 3J[119Sn, 13C(3,4)] and 4J[119Sn,
1H(3,4)] are alike.

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 39È45 (1998)
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Figure 6. Contour plot of the 125.8 MHz 2D 13C/1H
HETCOR spectrum of 1c [based on 2J (13C,1H) as indicated
by the drawn line in the formula] showing the region of
the resonance. The cross peaks for the 119Sn satel-13C

i
lites are marked, and the positive tilt indicates that the
signs of 2K (119Sn, and 2K[119Sn, (\0) are13C

i
) 1H(CH2)]

alike.

([50.8) and 3 ([56.6), increasing negative contribu-
tions as a result of steric crowding also become obvious.

Coupling constants 1J(119Sn,15N) and nJ(119Sn,13C)

On the basis of the experimentally determined negative
signs of 1J(119Sn,15N) in 1aÈd, all other coupling con-
stants 1J(119Sn,15N) for 1È3 should have a negative sign
[1K(119Sn,15N)\ 0!], with the possible exception of 1f.
In contrast, the sign of 1J(29Si,15N) is positive [1K(29Si,
15N)[ 0] in 1d(Si) since it is of the same magnitude as
in 1a(Si) where it has been determined experimentally.7
The increasing polarity of the MÈN bond (for M\ Si,
Sn, Pb) is a major reason for the large and positive
value of 1J(207Pb,15N) in 1d(Pb) [1K(207Pb,15N)\ 0!],
typical of organoleadÈnitrogen compounds.8,18 Com-
parison of the 1J(119Sn,15N) data for 1a and 1d shows
that the 2,5-dimethyl-N-pyrrolyl group causes a slightly
less polarizable SnÈN bond than the N-pyrrolyl group,
compensating for negative contributions arising from
steric repulsion. The same trend is found for 2a and 2d.
The presence of more electronegative organyl groups at
the tin atom leads, as expected, to less negative contri-
butions to the magnitude of 1J(119Sn,15N), as is evident
in the case of 1f [1J(119Sn,15N)\ ^14.8 Hz]. The pres-
ence of ethyl instead of methyl groups at the tin atom
causes increased polarizability of the SnÈN bond both

in 1b [1J(119Sn,15N)\ [66.5 Hz] and 2b [1J(119Sn,
15N)\ [78.4 Hz] as compared with 1a [1J(119Sn,15N)
\ [37.2 Hz] or 2a [1J(119Sn,15N)\ [45.3 Hz], and
this is reÑected by larger negative contributions to
1J(119Sn,15N). The analogous e†ect of three tert-butyl
groups at the tin atom is striking, already for 1c
[1J(119Sn,15N)\ [99.9 Hz], and particularly for 2c
[1J(119Sn,15N)\ [143.1 Hz]. It is therefore concluded
that the e†ect of the tert-butyl groups, clearly evident
for 1c, is further enhanced by stronger steric inter-
actions as in 2c [see also the discussion of d119Sn and
1*14@15N(119Sn) values].

The increase in the magnitude of o1J(119Sn,13C)o with
respect to the respective tetraorganotin compounds is
expected, considering the electronegativity of the azolyl
groups and the concept of rehybridization.19 In the case
of 2c, when compared with 1c, one Ðnds again [see the
1J(119Sn,15N) values] an appreciable change in the
magnitude of o 1J(119Sn,13C) o. The smaller value for 2c
[o 1J(119Sn,13C) o\ 336.1 Hz] indicate the presence of
steric e†ects. The values 2J[119Sn,13C(2,5)] and
3J[119Sn,13C(3,4)] in the pyrrole derivatives 1aÈc vary
in a systematic way, as can now be stated knowing the
sign of these coupling constants. To the best of our
knowledge, the sign of 2J(119Sn, in benzyltin com-13C

i
)

pounds has not been determined. As shown in Fig. 6,
the sign is positive, in agreement with the signs of many
other geminal 119SnÈelement couplings for a coupling
pathway across an aliphatic carbon.9

EXPERIMENTAL

All compounds were synthesized and handled under a
nitrogen atmosphere, using carefully dried glassware
and dry solvents. Electron ionization (EI) mass spectra
(70 eV) were recorded using a Varian MAT CH 7
spectrometer with direct inlet. NMR spectra were mea-
sured using Bruker ARX 250, AC 300 and AM 500
spectrometers. Chemical shifts are referred to Me4Si
[d1H d13C d29Si \ 0(C6D5H)\ 7.15, (C6D6) \ 128.0,
for $(29Si)\ 19.867 184 MHz], neat [d15N \ 0MeNO2
for $(15N)\ 10.136 767 MHz], [d119Sn \ 0 forMe4Sn
$(119Sn) \ 37.290 665 MHz] and [d207Pb\ 0Me4Pb
for $(207Pb)\ 20.290 597 MHz]. Delays for 2D hetero-
nuclear shift correlations were optimized in the usual
way by 1D polarization transfer experiments. In the
case of most of the HEED experiments,7 the Hahn-echo
delay was selected in such a way that the parent signal
was just visible after 16 transients. The starting
materials were either commercial products [azoles, n-
butyllithium in hexane (1.6 M), or were pre-Me3SnCl]
pared following literature procedures : Et3SnCl,20
tBu3SnCl.21

N-Azolyltin derivatives 1� 3: General procedure

A freshly prepared suspension of the respective lithiated azole (5
mmol in 30 ml of hexane) was stirred at [78 ¡C and the triorganotin

( 1998 John Wiley & Sons, Ltd. MAGNETIC RESONANCE IN CHEMISTRY, VOL. 36, 39È45 (1998)
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chloride was added in one portion. Stirring was continued for 14 h at
room temperature. Then all insoluble material was Ðltered o† and the
solid material was washed with 50 ml of hexane. After removing the
solvent in vacuo, the pure products were left in high yield (ca. 90%),
and could be further puriÐed either by distillation at reduced pressure
or by crystallization from hexane.

1a. B.p. 105 ¡C/20 Torr). 1H NMR d1H [J(119Sn,1H)]\ 0.23(C6D6) :[]58.0] s, 9H, 6.39 [[8.5] m, 2H, H(3,4) ; 6.62 [[4.2] m,Me3Sn;
2H, H(2,5).

1b. B.p. 112 ¡C/0.04 Torr. 1H NMR d1H [J(119Sn,1H)](C6D6) :\ 1.00 m, 1.08 m, 15H, 6.43 m, 2H. H(3,4) ; 6.67 m, H(2,5).Et3Sn;

1c. B.p. decomp. [90 ¡C/0.04 Torr. 1H NMR d1H [J(119Sn,(C6D6) :1H)]\ 1.15 [[73.8] s, 27H, 6.49 [[3.2] m, 2H, H(3,4) ; 6.73tBu3Sn;
[[4.0] m, 2H, H(2,5).

1d. B.p. 72 ¡C/0.4 Torr. 1H NMR d1H [J(119Sn,1H)]\ 0.29(C6D6) :[]58.5] s, 9H, 2.16 [[2.9] s, 6H, 2,5- 5.89 [[8.8] s,Me3Sn; Me2 ;
2H, H(3,4).

1d(Si). B.p. 55 ¡C/0.4 Torr. 1H NMR d1H [J(29Si,1H)](C6D6) :\ 0.28 []7.3], s, 9H, 2.19 (\1.5) s, 6H, 2,5- 5.83 (\2) s,Me3Si ; Me2 ;
2H, H(3,4).

1d(Pb). M.p. 70È75 ¡C. 1H NMR d1H [J(207Pb,1H)]\ 0.98(C6D6) :[[70.6] s, 9H, 2.17 [\2.5] s, 6H, 2,5- 5.95 [\3.0], s,Me3Pb; Me2 ;
2H, H(3,4).

1e. M.p. 195È200 ¡C. 1H NMR d1H [J(119Sn,1H)]\ 2.37(CDCl3) :[]68.5] s, 6H, 6.52 m, 6H, H(o) ; 6.92 m, 6H, H(m) ; 6.83PhCH2)3Sn;
m, 3H, H(p) ; 6.39 m, 2H, H(3,4) ; 6.21 m, 2H, H(2,5).

1f. M.p. 202È204 ¡C. 1H NMR d1H [J(119Sn,1H)]\ 7.72(CDCl3) :[57.8] m, 6H, H(o) ; 7.54 [17.2] m, 6H, H(m) ; 7.56 [4.3] m, 3H, H(p) ;
6.50 [[3.3] m, 2H, H(3,4) ; 6.89 [[4.2] m, 2H, H(2,5).

2a. M.p. 180È185 ¡C. 1H NMR d1H [J(119Sn,1H)]\ 0.21(C6D6) :[]59.2] s, 9H, 6.83 d, 1H, H(3) ; 7.10 d, 1H, H(2) ; 7.24È7.37Me3Sn;
m, 3H, H(5,6,7) ; 7.92 1H, H(4). El-MS: m/z (%) 281 (82) [M`] ; 236
(50) ; 165 (100) 116 (42).[Me3Sn`] ;

2b. Oily liquid, decomp. [120 ¡C/0.1 Torr. 1H NMR d1H(C6D6) :[J(119Sn,1H)]\ 0.79È1.17, m, 15H, 6.81 d, 1H, H(3), 7.10 d,Et3Sn;
1H, H(2) ; 7.09È7.39 m, 3H, H(5,6,7) ; 7.87 m, 1H, H(4). El-MS: m/z (%)
323 (78) [M`] ; 236 (100) 116 (47).

2c. M.p. 236 ¡C. 1H NMR d1H [J(119Sn, 1H)]\ 1.26(C6D6) :[[70.0] s, 27H, 6.83 d, 1H, H(3) ; 7.21È7.27 m, 2H, H(5,6) ;tBu3Sn;
7.48 d, 1H, H(2) ; 7.71 m 1H, H(7) ; 7.85 m, 1H, H(4). El-MS: m/z (%)
407 (10) [M`] ; 350 (10) ; 294 (10) ; 236 (100) ; 234 (78).

2d. M.p. 30È35 ¡C. 1H NMR d1H [J(119Sn,1H)]\ 0.25(C6D6) :[]58.3] s, 9H, 2.20 [\2.5] s, 3H, 2-Me; 6.38 s, 1H, H(3) ;Me3Sn;
7.13È7.27 m, 3H, H(5,6,7) ; 7.66 m, 1H, H(4). El-MS: m/z (%) 295 (54)
[M`] ; 250 (19), 165 (88) 130 (100).[Me3Sn`] ;

3. M.p. 64È66 ¡C. 1H NMR d1H [J(119Sn, 1H)]\ 0.25(C6D6) :[]57.2] s, 9H, 7.27È7.43 m, 6H, H(1,2,3) ; 8.16 m, 1H, H(4).Me3Sn;
El-MS: m/z (%) 331 (8) [M`] ; 286 (5), 165 (100) [Me3Sn`].
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