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NMR and IR. studies of dialkyltin halide hydrides 

In order to obtain information on tin-hydrogen bonding, organotin hydrides 
have been studied spectroscopically by several groupsl- 7. 

Diorgauotiu chloride hydrides were reported for the first time in 19618, and 
!he chemical shifts of the proton attached directly to the tin atom and the frequencies 
of Sn-H bonding of di-n-butyltin halide hydrides were measured by Sawyer et ~1.‘. 
On the other hand, their ‘use iu synthesis. wasreported by Neuni&n tid Pedain”. 

Iri this psper we report the NMR and IR data of dialkyltin halide hydrides 
and discuss the influence of halogen substituents on the spectral parameters with 
reference to the case of the organotin hydrides. 

Table 1 shows the observed values for the chemical shift of the proton attached 
directly to the tiu atom, the spin-spin coupling constants, J(” 'Sn-H) and J(’ lgSn-H) 
and the @retching- frequencies for a series-of diaikyltin haIide hydrides and, for 
comparison, the val&s found in the literatuie for dialkyltin dihydrides. 

Sawyer, Brown and Hanson9 have reported z(Sn-H) and v(Sn4-I) values 
(included in Table 1) for di-n-butyltin halide hydrides. Although a slight difference 
is found between their data and ours, this is not a serioa one and may be due to the 
fact that they obtained their data on neat compounds while we made measurements 
in 20 mole o/0 cyclohexane solutions. 

For the 6rst row elements in the peri&ic table, BentI proposed a theory that 
for electropositive substituents, the hybrid orbitals of-the central atom increase in 
s-character_ The s-character of the bonding orbital determines the Fermi con&t 
term, which, in. turn, decides the values of coupling constants. Thus, the coupling 
constant J(13C-H) reflects very well the changes of the hybridization of the C- 
atoin13. This idea was extended to organotin compounds and has been used to esti- 
mate the rehybridization.effect of the tin atom I4 Organotin hydrides in particular, . 
were studied systematically in this way and the spectral parameters were tabulated 
by Maddox, Flitcruft and Kaesz’. 

As Table 1 shows, regular changes occur in the coup-tig constants, J(l “Sn-Ei) 
and J(‘lgSn-H) for a series of dialkyltin halide hydrides. For instance in R,SnHX 
they increase in the order of X = H, I, Br and Cl. If one chang& the alkyl groups 
R for a given X, then the coupling constants increase from isopropyl to methyl. In 
Fig. 1 is given the correlation between the coupling constant J(‘lgSn-H) and the 
6um of the Taft’s G* constants of all R and X for the various types of organotin 
hydride. This correlation reflects the G type electron withdrawing power, and shows 
qualitatively good relationships between these two values. Table 1 shows that the 
same correlation is observed for the values of the Sn-H stretching frequencies. 

In the previous paper we proposed that for. the case of trialkyltin hydrides, 
the p,& interaction was the predomtiant factor influencing I: values of the protons 
bound directly to the tin atom7. In the case of dialkyltin halide hydrides +(Sn-H) 
decreases as the electronegativities of halogen atoms increase, for instance, for the 
methyltin compounds, 5.55, 3.92, 3.31 and 2.88 for X = H, I, Br and Cl respectiveiy. 
On the other hand the z(Sn-H) values increase as the electron withdrawing powers 
6f alkyl groups increase. Thus, dimethyltin halide hydrides show the largest r(Sn-H) 

J- OWmmetal- Chem, 8 (1967) 377-381 



T
A

B
L

E
 

I 
5 0 

N
M

R
 A
N
D
 I

R
 S
P
E
~
T
R
A
L
D
A
T
A
A
N
D
 T

H
U

 SU
M

 O
FT

U
T

’S
U

” C
O
N
S
T
A
N
T
S
P
O
R
D
I
A
L
K
Y
L
T
I
N
 
H
A
L
I
D
E
H
Y
D
R
I
D
E
S
 R
#n

H
X

 
3 

3 

_-
 

P 

R
 

X
 

a*
 

T
 (S

ll-
#)

 
v(

Sn
-H

) 
J(

“7
Sn

-H
) 

J(
%

I-
H

) 
So

lo
en

t; 

(P
P1

1)
 

(c
m

-‘
) 

(C
P)

 
(w

) 

J(
:;;

Sn
-H

) 
J(

 
&

I-
H

) 

.i-
 

00
 

C
l 

C
2H

5 
H

” 
I B

r 
C

l 

n-
C

&
 

1-
P 

I B
r 

C
l 

n-
C

,H
, 

H
” 

Ib
 

I B
P 

B
r 

C
P 

C
l 

C
l 

C
l 

C
l 

Fb
 

2.
66

 
18

55
 

2.
69

 
18

45
 

2.
90

 
18

35
 

26
78

 
18

52
 

2.
80

 
18

48
 

24
4 

18
75

 

19
11

 
20

02
 

1.
04

8 
19

56
 

20
45

 
1.

04
6 

20
19

 
21

13
 

1.
04

7 
20

49
 

21
45

 
1.

04
7 

21
08

 
22

08
 

1.
04

7 
3.

30
 

1s
oC

3H
7 

H
’ 

0.
60

 
5.

07
 

18
2o

d 
15

40
 

16
12

 
1.

04
7 

I 
2.

49
 

3.
56

 
18

30
 

16
63

 
17

36
 

1,
04

4 
B

r 
2.

91
 

3.
13

 
18

30
 

17
06

 
17

86
 

1.
04

7 
C

l 
3.

05
 

2.
70

 
18

30
 

17
45

 
18

28
 

1.
04

6 

08
98

 
2,

87
 

3-
29

 
3.

43
 

0.
78

 
29

67
 

3.
09

 
3.

23
 

0,
75

 
2.

64
 

3.
06

 
3.

20
 

0.
71

 
2.

60
 

3.
02

 

3.
16

 

55
5 

18
50

 
17

17
 

17
97

 
1,

04
6 

3,
92

 
18

62
 

20
32

 
21

28
 

1,
04

7 
3.

31
 

18
74

 
20

82
 

21
78

 
1,

04
6 

2.
88

 
18

77
 

21
28

 
22

28
 

1.
04

7 

5.
25

 
3-

79
 

3.
18

 
2.

67
 

18
22

 
16

12
 

16
91

 
1.

04
7 

18
43

 
18

23
 

19
08

 
1.

04
7 

18
59

 
19

40
 

20
31

 
1.

04
7 

5.
42

 
18

33
 

16
15

 
3.

63
 

18
41

 
18

36
 

3.
15

 
18

44
 

18
62

 
2,

68
 

18
52

 
19

14
 

16
89

 
19

26
 

19
54

 

1,
04

6 
1,

04
9 

1,
04

9 
1,

04
6 

5.
43

 
18

35
* 

3,
92

 
18

36
 

3.
85

 
18

38
 

2.
91

 
. 

18
47

 
3.

13
 

18
4,

” 
2-

58
 

18
53

 
2.

69
 

18
52

 

16
19

 
16

90
 

1.
04

4 

18
17

 
19

02
 

1.
04

7 

18
75

 
19

64
 

1,
04

7 

18
90

 
19

83
 

1,
04

9 

L
I R

ef
. 5

. b
 R

ef
. 9

. c
 2

0 
1n

ol
e 

‘A
 c

yc
lo

he
xa

nc
 s

ol
ut

io
n 

un
le

ss
 o

tl1
er

w
is

c n
ot

ed
. 

d 
C

yc
lo

l1
ex

an
c 

so
lu

tio
n,

 @
 T
et

ra
hy

dr
ot

hi
op

hc
ne

. 

ne
op

en
tn

nc
 

cy
cl

op
cn

ta
ne

 

(3
2 ne
at

 

nc
nt

 

ne
at

 
ne

at
 

di
ox

an
e 

T
H

F 
m

et
ha

no
l 

8 

cy
cl

op
en

ta
ne

 
! 



SHORT COAMIJNICATIONS 379 

values and diisopropyltin analogues the smallest values, although the dif&erences 
are small in the cases of dialkyltin bromide hydrides and chloride hydrides. This is 
the reverse of the trend expected on the basis of electron withdrawing power of alkyl 

2200. 
CCPS) 
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2000s 

- I 1900- 
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> 1700. 
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l R=GJ-Q-Q+T or n-&H, 
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CL00 l.00 200 300 4.c!O 

TCP- 

Fig. 1. The correlation between J( llgSn-H) and the sum of Taft’s G* constants of aI1 substituents for 
various organotin hydrides. 

groups. This experimental result suggests to us that the hyperconjugation between 
methyl groups and the tin atom also plays the predominant role in determining 
z(Sn-H) values in a series of dialkyltin halide hydrides. 

H H+ 

H-&-Sn G= H-&n- 

A I4 

Acceptor property of dialkyltin halide hydride 
It has been shown that for the case of organotin hydrides solvent effects alone 

may cause changes up to 0.5% in observed Sn-H coupling constants3. As shown 
in Table 1, we have observed significant changes (up to loo/,) in J(’ 1gSn-H) for 
di-n-butyltin chloride hydride in such polar solvents as tetrahydrofuraq dioxane, 
diethyl ether and tetrahydrothiophene. These data confirm the strong interactions 
between donor atoms of solvent molecules and the tin atom in di-n-butyltin chloride 
hydride. Even the presence of only one chlorine atom gives an acceptor property- to 
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the tin atom. Trimethyltin chloride pyridine adduct is a well characterized example 
of this tendency”. 

BecauSe of this tendency, we could not obtain NMR d&a in solvents which 
contained nitrogen atoms. Pyridine, for instance, decomposed the dialkyltin halide 
hydrides to 1,Zdichlorotetraalkylditins. Amines generally caused this decomposition. 

Experimental 
Dialkyltin halide hydrides R2SnHX were prepa=d b:r mixing diallsyltin di- 

hydrides and dialkyltin dihalides. Dialkyltin dichlorides were prepared by dispropor- 
tionation reactions between tetraalkyltin and SK!., dialkyltin dibromides from 
dialkyltin oxides and hydrobromic acid and dialkyhln diiodide by the reaction of 
dialkyltin dichlorides with sodium iodide in acetone. 

In the case of isopropyltin derivatives, the disp:oportionation reaction gave 
very low yields of diisopropyltin dichloride. Therefore we prepared diisopropy%n 
diiodide by the direct method of Matsuda et aL1l, which deserves special mention, 
because it is a convenient method to obtain diisopropyltin derivatives in good yield. 

Tin leaf(50 g, @.42 mole) and isopropyl iodide (178 g, 1.01 mole) were heated 
at reflxux temperature for 3 h with a small amount of magnesium turnings and n- 
butanol(l0 g) as catalysts. After filtration, the reaction mixture was distilled to give 
diisopropyltin diiodide, (115 g, 60%), b-p. 145-147O/17 mmHg. The chloride and 
bromide were prepared from the corresponding acids and the oxide obtained by the 
reaction of the iodide with aqueous ammonia_ 

Proton magnetic resonance spectra were obtained at 60 MC. on a Japan 
Electron Optics Co. Ltd. model 3H-60 spectrometer. All dialkyltin halide hydrides 
were measured in 20 mole o/0 cyclohexane solution with about 1 vol. o/0 of tetra- 
methylsilane as the internal reference. Methyltin derivatives were handled in a conven- 
tional vacuum line and other compounds in an atmosphere of dry nitrogen. 

Infrared spectra were obtained in 20 mole ‘A cyclohexane solutions on a 
Hitachi EPI-2G spectrometer equipped with gratings or on a Hitachi Infracord. 
Samples were wrapped with polyethylene film in order not to damage the NaCl cells. 
The results of these studies and related data which have appeared in the literature are 
given in Table 1. Tetrahydrofuran, dioxane, diethyl ether and tetrahydrothiophene 
were used to check the solvent effect. 

Acknowledgements 

The authors wish to thank Professor C. R. DILLARD' for a helpful discussion 
of our manuscript_ 

Department of AppIied Chemistry, JSA~UHIKO KAWAKAMI 

Osaka University, Higashinoda, TAKAYUKI SAITO 

Miyakojima, Osaka (Japan) ROKURO~KAWARA 

1 N. FLITCROFT AND H. D. KAESZ, J_ Am. Chem. Sot., 85 (1963) 1377. 
2 P. E. POKIER, L. PLA~-~ AND G. WILKINSON, J. Chem. Sot., (1964) 524. 
3 E. AMBJSRGEIG H. P. FRI. C- G. KREITER ANI M. R KULA, Chem. Ber., 96 (1963) 3270. 

* Fulbright Research Fellow in Chemistry at Osaka University, 1965-1966. 

J. Orrranontetd Chem_ 8 (1967) 377-381 



SHORT COMMUNI CATIONS 381 

4 H. KREGSMANN AND K. ULBRICWT, Z. Anorg. Allgem. Chem., 328 (1964) 90. 
5 M. L. MADDOX, N. FLITCRO~ AND H. D. KAEsz, J. Organometal. Chem., 4 (1965) 50. 
6 M. R. KULA, E. AMBERGER AND H. RUPP.PECHT, Chem. Ber., 98 (1965) 629. 
7 Y. KAWASAKI, R KAwAxcAsu AND T. TAN- Bull. Chem. Sot. Japan, 38 (1965) 1102 
8 A. K. SAWYER AND H. G. KUIVILA, Chem. I.d_ (London), (1961) 260. 

.9 A. K. SAW&R, -J. .E. BROWX AND E. L. HANSON, % Organometal. Chem., 3 (1965) 464. 
10 W. P. NEUM.+NN AND J. .~AIN, Tetrahedron Letters, (1964) 2461. 
11 M. MATSUDA, Ph. D. Thesis, OS&~ Univers 1961. 
12 H. A. BENT, Chem. Rev., 61 (1961) 275. 
13 -R. C. Fc, G. C. GRAHAM AND R. L. PICCIONI, J. Am. Chem. Sot., 88 (1966) 193. 
14 J. R. HOLMB AND H. D. Kmz, _I_ Am. Chem. Sot_, 83 (1961) 3093. 
15 R. Hmm, J. Chem. Sot., (1963) 1524. 

Received June 14th, 1966; in revised form August lOth, 1966. 

J. Or&nometal. Chem, 8 (1967) 377-381 


