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Summary

'"H NMR spectra of the a,a'-bipyridine adduct of n-BuSnCl; indicated the
non-equivalence of the two pyridine rings. In particular the signals of the proton
on the carbon atom adjacent to the two nitrogen atoms were widely separated.
Similar spectral behavior was observed in the o-phenanthroline adduct. These
adduects therefore are concluded to have the n-butyl group lying on the N—Sn—
N plane of the hexacuordinated complexes. The configurational rearrangement
of these adducts was markedly accelerated in the presence of excess n-BuSnCls.

Introduction

Monoorganotin(IV) halides (RSnX3) react with many organic donors to form
stable adducts; RSnX; - 2L (L. monodentate ligands). Several infrared and Moss-
bauer investigations on the adducts in the solid state have been reported [1—9].
There is, however, little information on their configuration in solution. This is
partly due to the fact that the adducts are often too insoluble in organic sol-
vents to perform physical and spectral measurements. In addition, even when
dissolved in any organic solvent, they dissociate into RSnX; and L to some ex-
tent 19—12].

Recently, we have found that the a,a’-bipyridine (Bipy) and o-phenanthrol-
ine (Phen) adducts of n-butyltin trichloride are fairly soluble in acetonitrile or
N,N-dimethylacetamide without dissociation. This paper reports the configura-
tion and rearrangement of these adducts in solution which have been clarified
on the basis of 'H NMR spectra.
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Expériméntal

Preparation of Btpy and Phen adducts of . n-BuSnCl3 : o
To a dichloromethane solution of Bipy or Phen was added an equLmola.r

amount of n-BuSnCl,. The white precipitate which appea.red immediately was

collected and recrystallized from acetonitrile, n-BuSnCl; - Bipy: m.p. 234—

236°C (lit. [5] 226°C). Found: 38.35; H, 3.71; N, 6.53 C;,H,,N,Cl;Sn calcd.:

C, 38.36; H, 3.91; N, 6.39%. n-BuSn(Cl; - Phen m.p. 240°C (decomp.) (lit. [5]

223—225° C 237—-239 C). Found: C, 41.50; H, 3.50; N, 6.25 C,¢H,,N,Cl;Sn
caled.: C, 41.56; H, 3.71; N, 6.06%.

Pnyszcal measurements
The molecular weight of the Bipy adduct was determined in acetonitrile at

37°C using a Mechrolab vapor pressure osmometer. Found: 426 (2.03 X 1073
M) n-BuSnCl; - Bipy calcd.: 438. The Phen adduct was not soluble enough in
the same solvent to permit the same measurement.
The molar conductance was determined in acetonitrile at 25°C using an

Yokogawa universal bndge BVZ-13A as described previously [13]. n-BuSnCl;

Blpy 0.43 ohm™! ecm? mol~! (2.97 X 1073 M). n-BuSnCl; - Phen: 0.50 ohm™!
cm? mol~! (0.50 X 1073 M). 'H NMR spectra were measured as descnbed previ-
ously [14].

Results and discussion

Configurations

Fig. 1 shows the "H NMR spectrum of n-BuSnCl, - Bipy in the ring proton
region in acetonitrile at room temperature. Proton signals of the complexed
Bipy are easily assigned by comparing them with those of uncomplexed Bipy
[15]. All the signals of Bipy move downfield upon complex formation. This is
due to inductive effect of the metal ion. It is to-be noted that H(2) and H(2")
signais with identical intensity were widely separated, while the other pairs of
signals (H(3)—H(3’), H(4)—H(4'), and H(5)—H(5")) were closely spaced *.

The Bipy adduct is monomeric and a ncn-electrolyte in acetonitrile. Two
possible configurations (A and B) are therefore suggested for the adduct in
solution.

4 4°

a” l \ | cx/ l\n-Bu
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* Another weak doublet was observed at about § 9.4 ppm. A similar doublet also occurred at about
8§ 9.7 ppm in the Phen adduct (see Fig. 2). The assignment of these signals is not obvious.
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Fig. 1. !H NMR spectra of a.«'-bipyridine (a) and its adduct with n-butylitin trichloride (b) in acetonitrile
at 24°C (* not assigned).

Configuration A predicts the occurrence of one signal due to each pair of
H(2)—H(2'), H(3)—H(3"), H(4)—H(4"), and H(5)—H(5'), which is not compati-
ble with the 'H NMR spectrum. On the other hand, configuration B may well
explain the large separation between the H(2) and H(2')signals as well as small
separations of the other signal pairs. The H(2) and H(2') signals give satellites
due to spin—spin coupling with the *7!'°Sn nuclei. This is due to the strong
Lewis acidity of n-BuSnCl;. The Bipy adduct of (n-Bu),SnCl, was reported to
dissociate considerably into neutral species in acetonitrile [16]. In accordance
with this, the spin—spin interaction between the '17/11°Sn and the ring

protons is not observable in this solvent and each pair of the H(2)—H(2'), H(3)—
H(3"), H(4)—H(4'), and H(5)—H(5") protons appears as cne signal, indicating
that rapid exchange takes place between the complexed and free ligands. The
present adduct may be one of the few examples [14,17] of organotin(IV) halide
adducts in which the spin—spin coupling between the tin atom and ligand pro-
tons is observed. The coupling constants are larger in the downfield signal than
in the upfield signal. If one can assume that the N(1')—Sn bond is weaker than
the N(1)—Sn because of the steric hindrance of the n-butyl group, the down-
field signal would be assigned to the H(2) proton and the upfieid one to H(2').
The values of coupling constants (°J(M<+NCH)) obtained here are comparzble to
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(R; alkyl and aryl groups)

An acetonitrile solution of the Bipy adduct and excess Bipy exhibited two
kinds of the Bipy proton signals due to the complexed and uncomplexed ligands
at room temperature, indicating that the rate of exchange of Bipy between the
coordination sphere and the bulk solution is slow on the NMR time scale. On
the other hand, in the presence of excess n-BuSnCl; only one signal was observ-
ed for H(2)—H(2'), H(3)—H(3"), H(4)—H(4'), and H(5)—H(5'), respectively, and
the H(2) (or H(2")) signal appeared at the averaged position between those of the
original H(2) and H(2') signals. The J(*'7 ''?Sn—H(2)(H(2")) value (25 Hz) also
agreed with the mean of the original two. These observations suggest that the
presence of excess n-BuSnCl; could accelerate the rapid rearrangement between

TABLE 1 .
RELEVANT 1 NMR DATA ¢ OF THE ADDUCTS n-BuSnCl3(L—L)

L—L Solvent . Chemical shift 6 (ppm) b
H(2) e H(3), H(3). H(8) H(4). (H(4), H(7))
(H(2» (H(9)) H(3") )
Bipy Acetonitrile 9.80 8.83 7.91 8.37
- (—1.18) (—0.23) (—0.59) (—0.54)
N,N-Di- . v
methyl- 9.84 9.24 818 8.63
acetamide (—1.14) (—0.54) (—0.74) (—0.69)
Dimethyl- 9.72 - 8.97 8.08 8.55
. sulfoxide (—1.01) _ (—0.26) (—0.62) (—0.60)
‘Phen  N,N-Di- '

- methyl- ~ ©  10.16 . 9.62 8.55 8.47 9.28 9.25
acetamide - (—1.01). (047 (—0.76) (—0.68) . (—0.75) (—0.71)
Dimethyl- .10.01 9.43 8.42 8.35 917 -
sulfoxide - (—0.84) (—0.26) (—0.63) (—0.56) (—0.65)

‘@\feasured at 24°C. ¥ The values in parentheses are (5 (free)—5 (complexed)). ¢ Could not be obtained
since the signal was obscured by the H(5),H(5") signals. E :
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“the configurations B and B', although the mechanism of this process is uncer-
tain.
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The Bipy adduct in N,N-dimethylacetamide showed quite similar NMR spec-
tral behavior to the observations in acetonitrile solution, both in the absence and
in the presence of excess Bipy. However, the addition of excess n-BuSnCl; to
the adduct in solution also showed separate H(2) and H(2') signals. This obser-
vation, which is in contrast to that found in acetonitrile solution, indicates that
the rapid rearrangement of the n-BuSnCl; moiety does not take place in this
solvent. N,N-dimethylacetamide is known to have a stronger coordinating abil-
ity toward tin(IV) halides [21,22]. Thus, the excess n-BuSnCl; would be strong-
ly solvated by the solvent molecules and so would be less active in the rearrange-
ment. In dimethylsulfoxide, a more basic solvent, the adduct partly dissociates
into n-BuSnCl; and Bipy, and signals of both the coordinated and free ligands
were observed.

The spectrum of the Phen adduct in N,N-dimethylacetamide at room tempe-
rature is similar in its appearance to that of the Bipy adduct, as illustrated in
Fig. 2; the H(2) and H(9) signals occurred separately with equal intensity as well
as H(3)—H(8) and H(4)—H(7). This adduct was also a non-electrolyte in acetoni-
trile. In view of these results, the configuration around the tin atom of the Phen
adduct in solution would be similar to that of the Bipy adduct. The '"H NMR
data of the Bipy and Phen adducts are summarized in Table 1.

Coupling constant (Hz)

H(5).H(5') (H(5).H(6)) 31179 meyazn ) sV %n—m@'yHON }
8.60 39 11
(—0.23)
9.13 38 c
(—0.65)
8.97 40 c
(—0.55)

8.54 40 11

(—0.51)
8.46 41 12

(—0.45)
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Fig. 2. lH NMR spectrum of the o-phenanthroline adduct of n-butyltin trichloride in N,N- dimethylaceta-
© mide at 24°C (* not assigned). .

: Varzable temperature spectra.

The H(2) and H(2') signals of the Bipy adduct in acetonitrile broadened on
ralsmg the temperature and coalesced at 57° C. The signal became sharp again
gradually at higher temperatures, and the satellites of the H(2) and H(2') signals
became undetectable up to about 95°C. On the other hand, the positions of the
other proton signals were unchanged throughout the temperature range. These
phenomena may be due to rapid exchange between the structures B and B’ with-
~out dissociation. The Gibbs energy of activation (AGY.,) of the rearrangement.
at the coalescence temperature was estimated to be 15.9 keal/mol, using the
approx1mate equation [23]. Similar spectra were observed in the Bipy and Phen
adducts in N,N- d1methyla"etam1de the H(2) and H(2") signals of the Bipy ad-
"duct and of the H(2) and H(9).of the Phen adduct coalesced at 96°C and

108°C, respectlvely The adducts in this solvent, however partly dlssocmte mto
-BuSnCl3 and the hgands near these temperatures. o ‘
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