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90, 1N, ¢, andH NMR spectra were studied for [2-(dimethylaminomethyl)phenyl]stannar
R'R?R®R*sn or RR?R3SN, where R R?, and R are 1-butyl, Cl or Br, the same or different, anti |
is 2-(dimethylaminomethyl)phenyl. The occurrence of intramolecular interaction between the nit
and tin atoms was demonstrated based on changes in the characteristic values of the NMR pa
of these nuclidesd(**N), 5(**%sn), J(*'%n!°N), and their interrelations, as well as on the relative
high values of the coupling constafi'°sn3C(CH,)).
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90, 15N, ¢, and'H NMR spectroscopyd(*1°Sn®N); Tin—amine interaction.

The occurrence of the Sn—N intramolecular interaction in [2-(dimethylam
methyl)phenyl]stannanes'R?R3R*Sn or RR?R3Sn, where R R? and R are different
organic substituents or halide atoms arfdisR2-(dimethylaminomethyl)phenyl, an
hence formation of the corresponding azastannacycles or “C,N-chelates”, has
proved many times in solids by using diffraction techniques. The extensive and
matic research carried out by Jastrzebski and his gfdagsed on the synthesis of
numerous and well-selected groups of compounds and their detailed examinati
H, 13C, and'!®Sn NMR spectroscopy suggests that this interaction is also preserv
the more or less isolated particles of these compounds as encountered in sol
However, to our knowledge, there exists no evidence of such interaction bas
NMR spectra of the nuclides directly involved.
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The aim of this study was to fill this gap and present evidence of the occurrer
the Sn—N intramolecular interaction in [2-(dimethylaminomethyl)phenyl]stanne
R'R?R3R*Sn (compound4-5) and RR?R4Sn (compound$-8), where R, R?, and R
are 1-butyl (Bu), Cl or Br, the same or different, afiisR-(dimethylaminomethyl)pheny!,
based on theit'®Sn, N, °C, and'H NMR spectra, with emphasis on the spectral |
rameters of the nuclides directly involved in this interaction,*°Sn and*>N.

.CH3 .CH3

3 /502 N cHg s /SH2NNcHg

4 SnR'R°R’ @ )2 SnR'R?
5 6 5 6

1 2 3 4
Bu = CH2CH2CH2CH3

EXPERIMENTAL

Preparation of Compounds

Compoundsl-8 were synthesized by reacting 2-(dimethylaminomethyl)phenyllithium with the cc
sponding organotin halide following procedures publi$fe®ubstance3 and8 were also prepared
by reacting 2-(dimethylaminomethyl)phenyllithium with anhydrous tin dichloride followed by oxi
tion with bromine or 1-chlorobutaheThe crude products were purified by vacuum distillation (co
pounds1-4, 6, and7) or crystallization from boiling toluene (compounSisand 8). The identity of
the compounds was confirmed by elemental analysis (Table I) and analysis of%8geir'>N, 13C,
and'H NMR spectra (Tables Il and IIl).

Complexation of Butyltrichlorostannane withN-Dimethylbenzylamine

The complexation of butyltrichlorostannane withN-dimethylbenzylamine was monitored throug
changes in thé&(**N) and 5(*1°Sn) values in deuteriochlorofom solutions containing the two solt
in molar ratioN,N-dimethylbenzylamine : butyltrichlorostannane from 0.16 to 8.90 (starting con
tration of the former reactant 0.85 mol)lat 300 K. The solutions were measured 30 min after mr
ing, when the relevant spectral parameters did not change any longer.

NMR Spectra

1193, 15N, 13C, andH NMR spectra were measured on a Bruker AMX 360 instrument at 13
36.56, 90.56, and 360.13 MHz, respectively, using a 5 mm tuneable broad-band probe at 300
solutions were obtained by dissolving approximately 200 mg of the substance in 0.5 ml of de
chloroform or hexadeuteriodimethyl sulfoxide.
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The reportedH and'3C chemical shifts are relative to internal tetramethylsil@&n@.g0 ppm), the
15N and'1%sn chemical shifts are relative to external nitromethane and tetramethylstannane, r
tively, placed in coaxial capillarie® (0.0 ppm). Positive values denote downfield shifts. T
J(**%Sn®N) coupling constants were read from i NMR spectra measured at a digital resolutic
better than 0.5 Hz/point. The 2D NMR spectra were measured conventionally using pulse sec
microprograms supplied by the spectrometer manufacturer.

RESULTS AND DISCUSSION

The parameters of thé%Sn, 15N, 13C, and'H NMR spectra of the substances studie
N,N-dimethylbenzylamine and benzyltrimethylammonium iodide, are given in Tabl
and lll. The numbers of signals in the spectra and the NMR parameters are con
with the composition of the compounds as determined by elemental analysis (Ta
as well as with their assumed structure (see below), thereby confirming their ider

TaBLE |
Analytical and physical data of compountis3

Found/Calculated

Compound M.p. (b.p.y,.C F‘JTVUIa
% C % H % N % Sn % other

1 (170-173/200Pa)  fH39NSn 58.27 9.37 3.83 27.93 -
424.24 59.46 9.27 3.30 27.98

2 (170-172/16Pa) BH30CINSN 51.10 7.62 3.36 29.28 CI: 827
402.57 50.72 7.51 3.48 29.48 8.81

3 (170-173/9Pa) GH30BrNSn 46.02 6.48 3.27 26.46 Br: 17.15
447.06 45.63 6.76 3.13 26.82 17.65

4 (170-172/9Pa) GH21CIbNSn - 40.65 5.78 3.42 31.58 Cl: 18.52
381.00 40.94 5.55 3.68 31.47 18.36

5 129-131 GH12BraNSn 22.03 2.33 3.01 25.02 Br: 48.88
490.75 22.01 2.46 2.85 24.43 48.24

6 (200-205/50Pa) £6H42N2Sn 62.02 8.66 6.12 23.47 -
501.52 62.29 8.44 5.59 23.68

7 (158-164/9Pa) £H33CIN2Sn 55.53 7.17 5.84 23.53 Cl: 7.02
480.13 54.98 6.93 5.83 24.97 7.28

8 245-247 @gH12BraN2Sn 40.38 212 5.18 22.23 Br:29.76
533.83 40.46 2.27 5.25 22.46 29.57
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15N NMR Spectra

The 15N chemical shifts of all the compounds examined exhibit 1.1 to 13.2 ppm d
field shifts relative to the value of the unsubstitubé#i-dimethylbenzylamine. The
differencesAd(*°N) and the coupling constand§'*®Sn!°N) increase with the numbe
of halogen atoms bonded to tin, hence, with increasing Lewis acidity of the cent
atom. For instance, in the— 2 — 4 series, thd(*°N) values are 1.1, 5.0, and 6.8 ppr
respectively, and tha&(*'°sn!°N) values are 10.6, 68.2, and 110.6 Hz, respectively
thel — 3 —5 series, the corresponding values are 1.1, 5.7, and 13.2 ppm, and 10.6
and 113.8 Hz, respectively. Similarly, in tee— 7 — 8 series the chemical shift dif
ferences are 1.4, 4.0, and 5.7 ppm, respectivelyJ(f&n!°N) of 6 and7 are 9.5 and
44.4 Hz, respectively (for compou the value was not determined).

Hence, it is reasonable to state that &{&N) (or, better, the values and signs
AB(N)) andJ(1%SnN) parameters give evidence of the occurrence of the intram
cular Sn—N donor—acceptor interaction in the molecules—molecular complexes ar
provide a relative measure of this interaction.

Arguments in favour of this idea are based on the following experiments and re
ings:

a) Formation of the intramolecular Sn—N donor—acceptor bond is associated v
change in the valency of the nitrogen atom (from 3 to 4). The same valency cl
proceeds in the nitrogen quaternizatierg.in the formation of the benzyltrimethylam
monium ion. In this case, also, the valency change is accompanied by a downfiel
of the3(*°N) value, which is relatively largedd(*°N)) = 25.4 ppm (Table II).

b) In parallel to the multinuclear NMR study of compoudd8, >N and*!°sn NMR
spectroscopy was used to examine the equilibrium reaction of formation of the d
acceptor complex dfl,N-dimethylbenzylamine with butyltrichlorostannane.

(CH3),NCH,Ph + BuSnC] ~ [(PhCH,)(CH,),NSnBuC})] (A

The plots in Fig. 1 show the dependences ofS{haN) andd(*1°Sn) values for mix-
tures of the two reactants on the composition, expressed through the molar *at
cn/Cgp (C are starting molar concentrations; see Experimental).

The clear breaks in the plots indicate that in the Bug#CH;),NCH,Ph—CDC}
system, a single complex with the reactant molar ratio 1 : 1 is formed under the
tions used. The composition of the complex is also corroborated I®¢#8n) values
for solutions with molar ratios higher than 1 (above —200 ppm), such values be
characteristic of pentacoordinated butyltin compounds possessing the trigonal
ramidal geometry of the central tin atom environrfiefihe upfield shift of th&(*1°Sn)
values by approximately 250 ppm, associated with the change as shown #),E
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corresponds to the change in the coordination number of the butyltin compound
four to fivet.

The interrelation of the parameted€°N) and d(*1°Sn) in the two plots in Fig. 1 is
described by Eq.1} (see Appendix):

L& N)ops— 3(N)d = 8(**Sns [Ny — 3 NIS(* Sy 3(*Snsy] -
= 895, [3(* N)sny— S N)J/[S(* Sy — (S @

where the subscripts obs, N, Sn, and SnN refer td@l) or 5(*1°Sn) shifts in the
mixture, the two substrates, and the product of reac#yn(1 : 1 complex), respec:
tively. The plot of this equation in the coordinatgd(*°N),,s— (**N)y] vs 8(*19Sn), e

is linear, with a slope of —0.085, determined by the ratio of the differences betwe:
&(**N) values (—333.0 and —353.6 ppm) and betweendth€Sn) values (-235.0 anc
+6.1 ppm, ref) for the complex and the free components, and with an intercept w
is the negative value of the slope multiplied by &'€°Sn) value of butyltrichlorostan-
nane (0.52 ppm). The solid line in Fig. 2 is the plot of the dependé&hcer{structed
on the basis of the slope and intercept calculated from the limiting values; the c
show the observed pairs of tg°N),,.andd(*1°Sn),,.values. This gives evidence th:
the two NMR parameters describe the same phenoméegnboth are measures ¢
composition of the equilibrium mixture in reactiof)( The complexation process i
associated with an increase in the coordination number of the tin atom (upfield sl

—350 1000 20 |-
15
S(TN) 5 (“9%n)
—345 =15 -
3’2
—340 {100
%10 |-
e
—335 o
: = 5[ |
4 0
-330 1 1 1 1
0 2 4 6 8 p 10 0 50 -100 -150 _ —200 -250
5 (IIQSn)ObS
Fic. 1 Fic. 2
Dependence of thed(*®N) values () and Dependence of the valugd(**N),ps— 3(*°N)y]
3(*'%n) @) in the BuSNGH(CHy),NCH,Ph—  on 3(**%Sn),.in the BuSNC}~(CHsy),NCH,Ph—

CDCl; system on then = ¢y/cg, molar ratio of CDCl; system
the reacting components
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the 3(*1°Sn) values) on the one hand, and, proportionally, with a change in the nit
atom valency (downfield shift of th&*°N) values). This situation is formally analc
gous (in the direction and magnitude of &(&°Sn) andd(**N) shifts) to the appear-
ance of the Sn—N donor—acceptor interaction in compolgls

c) The small yet significant shifts of tig'H) values of the methyl and methyler
groups bonded to the nitrogen atoms in (dimethylaminomethyl)arenes which are
stituted in position 2 by an organometallic substituent are often used as eviden
even a measure of the M=N donor—acceptor interdctiort The 5(*H) values of the
methylene group and methyl groups in the dimethylaminomethyl moiety adg'thg
values of compounds-5, which contain only one such group, exhibit a linear corre
tion, the pairs of the parameters féN-dimethylbenzylamine and for the benzyltr
methylammonium cation constituting the end points of this correlation (Fig. 3).

Hence, it is clear that also in this case the two NMR parameéi@ks), and 8(*°N),
describe the same phenomenon. The parameters for compgbtm8swhere the orga-
notin fragment is bonded to two (dimethylaminomethyl)phenyl groups, depart slit
from the linear correlations, presumably due to the peculiarities of the bonding
ation in these molecular complexes (see below).

14 NMR Spectra

The 'H NMR spectra of compounds-8 (Table 1Il) served (in addition to element:
analysis) as a purity check of the compounds. In the aromatic spectral region, tt
nals of protons in positions' &ind 6 are separated in the form of broad double
whereas the signals of protons in positiohsadd 5 appear as coinciding multiplets
The protons 3and 6 were resolved on the basis of the NOESY spectra where inte
tion between the protons of the NgHroup and the H(3 proton is apparent. The
assignment is borne out independently by the large coupling coR3teiisnH(6")).

-350

5 (*°N)

-340

Fic. 3
Linear correlation of thed(*H,CH,) (1) and
8(*H,CH3) (2) chemical shifts for the
—CH,N(CHj), substituent and th&(**N) chemi-
cal shifts for compound$-5

-330
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The signals of the methylene groups Sp@Hcompound®2 and3 and of the NCH
groups in compoun@ are anisochronous.

195n and®c NMR Spectra

The increase in the strength of the intramolecular Sn—N interaction with incre
Lewis acidity of the central tin atom (decreasing number of Sn—C bonds) in the .
under study is also confirmed by the relevant data oft¥8n and'3C NMR spectra,
particularly by the upfield shift of th§(*!°Sn) values of the compounds as cot
pared with the unsubstituted analogues (see later), increase in the coupling co
J(*%Snl3C), and the existence and growth of the coupling const:
J*%SnlPC(CH,)).

While for compoundsl and6 the 8(*1°Sn) values exhibit upfield shifts of 8.3 an
18.0 ppm only as compared with the corresponding unsubstituted analogy8sRBu
5(*1%Sn) —41.7 ppm, and B8nPh, 3(*1°Sn) —65.9 ppm, ref, respectively), for com-
pounds5 and8 the differences from the unsubstituted analogues (PHS(BSn) —227.2 ppm,
ref?, and PBSnBr, 3(*1%Sn) —71.8 ppm, refd) are as high as —187.3 and —199.4 pp
respectively. In this context, it is noteworthy that a roughly 200 ppm upfield shift o
8(**°sn) value corresponds to an increase in the coordination number in monopl
tin(1V) and diphenyltin(IV) compounds from four to fi%&. A similar comparison of
the 3(*1°Sn) values between compour®|s3, 4, and7, and their unsubstituted analogu
could not be made because the values for the mixed butyl(halogeno)phenylstat
are unavailable. Nevertheless, &(&'°Sn) values of the triorganotin(IV) compouris
3, and7, and the diorganotin(lV) compourdall display marked upfield shifts not onl
in comparison with tributyl(chloro)stannan&({t°sn) +152.8 ppm, réft), the bromo
derivative §(*1°Sn) +126.3 ppm), and dibutyl(dichloro)stannadgsn) +126.3 ppm)
but (except for compound) also, to some extent, with chloro(triphenyl)stannane :
dichloro(diphenyl)stannane (—44.7 ppm, ¥&&nd —26.7 ppm, reéf, respectively).

Thus, all the data support the hypothesis that in solutions in non-coordinating
polar solvents, all of the compounds studied occur in the form of molecular comp
with a more or less strong intramolecular Sn—N donor—acceptor bonding. The st
of this bonding increases with decreasing number of organic substituents at t
atom, but even in diorganotin(IV) compounds, it is strong enough to resist the eff
coordinating solvents which occurs with the majority of chelate complexese(gee,
ref13). The change in th&*'°Sn) value in compound on replacing the non-coordinat
ing deuteriochloroform solvent with the strongly coordinating hexadeuteriodime
sulfoxide, —166.4 ppm, implies a change in the coordination number of the centt
atom from five to six. This change is accompanied by a slight downfield shift of
&(**N) value, indicating preservation and even strengthening of the Sn—N donor-ac
interaction rather than its vanishing. Hence, in solution in this polar solvent, cormo
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occurs as a pseudo-octahedral complex derived from the initially trigonal bipyrar
chelate complex with an additional molecule of the solvent.

The coupling constant§)(*1%SnBC(1)) and*J(*%SnC(1)) for compoundsl and 6,
349.2 and 380.6 Hz, respectively, and 430.1 and 487.4 Hz, respectively, are mor
cal of the tetragonal arrangement than of the trigonal bipyramidal arrangement
bonding environment of the central tin atom in,8m and P§Sn (refd419. If we admit
that molecular chelate complexes with weak Sn—N bonding interactions exist in
tions of such compounds in non-polar solvents, then the shape of the coordi
polyhedron around the central tin atom can be formulated as an intermediate ar
ment between the tetrahedron and the trigonal bipyramid, most probably kind
strongly distorted tetrahedron. This is consistent with the average angles calc
based on the abovd(*'°Sn}3C) datd*!> The average C(Bu)-Sn—C(Bu) angle is &
proximately 109 in compoundl and 112 in compoundb, the average C(Ph)-Sn—C(PlI
angle in compound is approximately 105 It is noteworthy that virtually the sam
(rather pseudo-tetrahedral) arrangement around the central tin atom as conside
compoundl is also present in some other tetraorganotin(IV) complexes, in the
called C,N-chelate complexes, even in the solid state; this is the case, for instanc
(8-dimethylamino-1-naphthyl)triphenylstannane, where the C-Sn—-C angles i
PhSn fragment are 114.4, 101.1, and 103average 106°3(ref1®). With caution, a
similar conclusion can also be drawn from a comparison of the assumed structure c
pound6 with that of diphenylbis[3-(2-pyridyl)-2-thienyl]stannane, derived from the sir
crystal diffraction datd. The coupling constantg(*1°Sn3C(1)) andJ(*°Sn!3C(1))
as well as the C(1)-Sn—C(1) and §{Bn-C(1) angles in the triorganotin(lV) com
pounds2, 3, and7 calculated following refé:'> (about 124, 123, and 119respec-
tively) are in agreement with the concept of a more or less distodadtrigonal
bipyramidal arrangement of the bonding partners of the tin atom, as has been |
many times for similar species in the solid state as well as in solutions in non-
solventd2. The concept of a trigonal bipyramidal geometry on the central tin atol
the C,N-chelate complexes-8 is not inconsistent with the presence of two nitrog
donor atoms manifesting themselves by a single signal itPth&IMR spectrum. This
is apparently a consequence of the rapidly establishing exchange

N-SHIIN == NIIHn-N

and hence, manifestation of a certain substituent flexibility in this complex. This is
borne out by the appreciably lowaAB(*°N) values as compared with the remaini
triorganotin(lV) compounds under study, which are probably arithmetic mear
values for one coordinated and one non-coordinated nitrogen atom in the 2-(dim
aminomethyl)phenyl substituent. The above interpretation corresponds to a

Collect. Czech. Chem. Commun. (Vol. 63) (1998)



Intramolecular Sn—N Interaction 987

which is intermediate between a strongly distorted trigonal bipyramid (coordin:
number 5) and a distorted octahedron (coordination number 6 or, better, 5 + 1). S
arrangement of the central tin atom environment which is in line with the above |
pretation was confirmed by diffraction analysis of crystals of the analogous b
dimethylamino-1-naphthyl)iodo(methyl)stann&heThe SAIN distances in molecules
of this complex in the solid state are conspicuously different: 253 and 310 pt).(r
The increase in the coupling constdat*°sn>C(1)) for compound4, which is ob-
served when the non-coordinating solvent Cpi€replaced by the coordinating hex:
deuteriodimethyl sulfoxide, only illustrates the change in the coordination of the ce
tin atom in the formation of the relatively stable complex of this compound with
molecule of the solvent. The coupling constai(°sn}3C(1)), the C(1)-Sn-C(3)
angle (about 149, and the relatively lowA8(*°N) value are consistent with th
strongly distorted pseudo-octahedral arrangement (tin coordination number 4 +
the coordination sphere of the central atom (the C-Sn—C angle in the analogous
mobis(8-dimethylaminonaphthyl)stannane is 183Bthe solid stafé).

Indirectly but significantly, the existence and degree of the intramolecular S
donor—acceptor interaction is also reflected by the coupling const
2J(**%SnBPC(NCH,)), which — like the coupling constant§)(*°snl3C(1)) or
*%Sn3C(1)) or J(*1%Sn!SN) — increase with growing Lewis acidity of the con
pounds.

APPENDIX

The position of the single signal in the NMR spectrum of a system of two compo
which are in a rapidly establishing equilibrium (on the NMR time scale) is deternr
by the weighed average of the chemical shifts of the nudlielethe sum of products
of the chemical shifts and relative concentrations of the two compénéssuming

that the dependences of the two parame®fSN) and &(*1°Sn), on the componen
concentration ratio both pertain to the same equilibrium, we have for equilib®um

8(+%8N}ps= 8(*1°Sn)sy (CsrfCqy) + B(*SN)san (Csn/CE) (A1)

and similarly

3(**N)ops= B(*°N)y (en/c]) + B(**N)spy (Csn/R) (A2

where the superscript O denotes the starting analytical concentrations of the sub.
the meaning of the remaining symbols is the same as inlEdBY introducing from
the balance equations

Collect. Czech. Chem. Commun. (Vol. 63) (1998)
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0
Csn=Csnt Csnn

R = Cn * Csnn
and rearranging, we obtain
3(*19SN)ps= [8(*+%SN)san— 8(Sn)s ] (Cs/C8) + d(HSn)s,
and

8(**N)obs= [8(**N)san— 8(*N)n] (Csnn/CR) + B(*N)y -

(A3

(A4)

(A5

(A6)

If Egs (A5) and @A6) pertain to the same equilibrium, they can be combined by el

nating thecg,yterm, and after substituting

o} = NG,

the interrelation oB(**N) andd(*1°Sn) is obtained in the form of EdL)(

(A7)
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