
CORRELATION BETWEEN 29Si-I$N SPIN-SPIN COUPLING CONSTANTS 

AND THE ISN-NMR CHEMICAL SHIFTS IN SILATRANES 

E. L. Kupche and E. Lukevits UDC 543.422.25:547.793'128.7 

A nonlinear correlation has been found between the 29si-lSN spin-spin coupling 
constants and the ISN-NMR chemical shifts in silatranes. The dependence has been 
used to calculate corrections to the spin-spin coupling constant for the electro- 
negativity of a substituent on the silicon atom. This has allowed the previously 
obtained data on the length and order of the N § Si coordinate bond for sila- 
tranes in solutions to be refined. 

It was shown earlier [I-i0] that the 2~Si-15N spin-spin coupling constants (SSCC) IJSiN 
afford valuable information about the spatial and electronic structure of nitrogen-containing, 
organosilicon compounds in solutions. In particular, on the basis of the spin-spin coupling 
constant, IJsiN, through the N * Si coordinate bond, the length [Eq. (i)] and order (Eq. 
(2)] of this bond in silatranes I and related compounds have been determined [5, 6]. The iSN 
chemical shifts (CS) are also used to estimate the N ~ Si bond length (~NSi) in silatranes 
[Ii] [Eq. (3)]. This assumes the existence of a specific interaction between the 15N CS 
(I N) and iJsi N. 

R 

O i x / 0  

I 

However, with some silatranes, the values of the N § Si coordinate bond lengths pre- 
dicted from the iSN CS and the 2~Si-lSN SSCC differ quite substantially. In the present work, 
we have studied the interaction between the iSN CS and iJsi N in compounds I and consider the 
reasons for the discrepancy in the s values predicted using Eqs. (i) and (3). 

lxsi = 2 , 2 9 1 - - 0 , 0 8 4  (l/SiN) L':; (i) 

P.~Si = (lJsi.~/25~ 1 ) '"q (2) 

/ ~ s i=  - -4 ,20- -0 ,018  6~. (3) 

The NMR data and the length of the N § Si coordinate bonds for silatranes I in solution 
are presented in Table i. We have shown previously [5] that the value of Ij$~N depends not 
only on the distance between the N and Si atoms, but on the electronegativities (EN) of the 
substituents on these atoms as well. For this reason, Eq. (i) is only applicable, strictly 
speaking to compounds (silatranes) in which the EN of substituents on the N and Si atoms do 
not differ substantially from that in the l-hydrosilatrane used in constructing the model [5]. 

From the dependence between IJsi N and 6 N shown in Fig. i, it follows that for derivatives 
of I with R = H, Alk, CHi-----CH , and Ph; i.e., in the case of compounds with substituents of 
approximately the same EN on the Si atom, there is a general, nonlinear dependence that can 
be approximated by Eq. (4): 
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TABLE i. ZSN Chemical Shifts, 29Si-15N Spin-Spin Coupling 

Constants, and Calculated N + Si Bond Lengths and Orders for 

Silatranes in Solutions* 

CH2=CH 

Ph 

MeO 

H 

CH2CI 

CI 

So ivent Js N'Hz 6N ,ppm 

CDCI~ 
(CDa)~SO 
CDCla 
(CDa)2SO 
CDCI3 
(CD~)~SO 
CDCia 
(CDa)2SO 
CDCI3 
(CDa)2CO 
(CDa)2CO 
(183 K) 
CDaCN 
(CDa)2SO 
CDCla 
(CDa}2SO 
CDCla 
(CDa)2SO 

~<0,2 
0,70 
0,55 
1,47 
0,66 
1,43 
1,17 
1165 
1,I0 
1,17 
2,20 

1.76 
2,05 
1.54 
2157 
1 ,98  
3,37 

-360,0 
-357,0 
-357,9 
-355,3 
-357,2 
- 355,0 
--353,1 
-352,3 
--355,9 
-355,1 

- 3 5 3 , 9  
-355,2 
-353,2 
--348,8 
-347,8 

.~ 2,253 
2,221 
2,229 
2,189 
2,223 
2,190 
2,159t" 
2,1471. 
2,203 
2,200 
2,166 

2,180 
2,171 
2,187 
2,156 
2,090 5 
2.06751: 

PNSi by3 . 
2,28 %0,09 
2,23 0.17 
2 24 0.15 
2119 0,24 
2,23 0,16 
2,19 0,24 
2,16 0,3t 1. 
2,14 0,34 "t" 
2,21 0o21 
2,19 0,22 
-- 0,3O 

0.26 
2,17 (/,29 
2119 0,25 
2,16 0,32 
2,08 0,48 5 
2,06 0,53 5 

*ISN Chemical shifts and 29Si--lSN spin--spin coupling constants 
were measured for the same solutions [5, 6] at a temperature of 
303 K unless otherwise stated. 

1.With an electronegativity correction of AJ = 1.28 Hz. 

5With an electronegativity correction of AJ = 3.74 Hz. 
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Fig. l. Correlation of 15N 
chemical shifts with 29Si_l 5 N 

SSCC in silatranes. The corre- 
lation curve is described by 
Eq. (4). Symbols: �9 - ~=Meo 

R -- R=CI, � 9  R. 

1Jsix = (63--46,56)  �9 10-a (4 )  
( o - 0 , 1 1 ) ,  

where 6 = 367.7 + 6 N. The deviations from this relation that can be observed for R = MeO and 
CI are due to the effect of the EN of substituent R on the value of ZJsi N These deviations 
can be used to introduce a corresponding correlation (6J) in the calculation of INS i by way 
of Eq. (5) : 

tNS~ = 2,291--0,084 ( USiN + A./) ~:. ( 5 )  
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Allowing for the effect of the EN of substituents on ZJsiN in Eq. (5), broadens the range 
of it applicability over that of Eq. (i). The EN effect in Eq. (2) can be compensated for in 
a similar manner. 
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