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SUhlMARY 

“C resonance shifts of alkenes and arenes occurring upon coordination with 

silver(I) are reported and discussed_ 

Organo-transition metal n-complexes are studied increasingly by r3C NMR 
spectroscopy’. Recently we observed large alkyl-substituent effects on the silver(I)- 
induced shifts of unsaturated “C resonances in alkenes*. We now have looked more 

closely at the character of substituent effects using hetero-substituted alkenes (see 

Table 1). 
Comparison of the shifts A6, observed upon alkene coordination, with the 

relative n-electron densities at the unsaturated carbon atoms, estimated from mesomeric 
structures, reveals a striking correlation. Thus, a high n-electron density is associated with 

an upfield resonance shift, and vice Y~PSLZ e.g. 

-18.1 +4.4 +3.2 -0.3 
H&=CH-0C2H5 - H2i?CH=6C2H5 H;C=CH-0-CH2-CHa 

It would appear that n-complex formation with silver(I) enhances the differences in 
n-electron density present in the uncoordinated compounds. 

Electron-withdrawing substituents (e.g. Br, Cl) tend to inhibit complex’formation 
and vice verm. Thus, inductive effects are likely to be reflected in the strength of 
coordinative interaction with the C+C double bond. 

The existence of a coordinative interaction between silver(I) and the alkene 

double bond as well as with the hetero-atom is clearly demonstrated by the observed 
shifts, AS, of allylic compounds. These shifts and those of the corresponding saturated 
sompounds indicate that the presence of a C=C double bond reinforces the hetero-atom- 

silver$I) coordinative interaction. 
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PRELIMINARY COM?@NICATION c37- 

-TABI;E’l ..- -. 

SHIFTOF lsk. NMR RESONANCES OF ~PRESENTATIVE ALKENES (1.0 M in methanol) UPO?I 
COMPLEX EORMATIONWTH SILVER NITRATE= 

i&m H,C’=C’H-R A6 lppm)b 

R C’ -. c & C4 CA t? 

C’Ha-C’HrCSHt-C6HJ -13.7 -3.2 +0.3 + 0.6 0 0 

-10.8 -4.4 -1.9 i-O.6 + 0.3 + 1.3 

-16.5 -5.1 -3.2 + 0.6 +1.3 + 1.6 

0-C3Hz-CH, -18.1 +4.4 +3.2 -0.3 
COIj * 4.4 -1.6 +1-o 

:&I -OH 
@Hz-NH e 

-1.3 

C”H:-&f 
+ 5.1 -2.2 +5.1 
- 0.3 -1.9 +0.3 + 3.8 

=All spectra were recorded at 25.2 MHz on a Ve XL-lOO/FT system, using cyclohexane as an 
internal standard. The values of A6 are derived from measurements of solutions with a high ligand to 
silver salt molar ratio’ and extrapolated to the molar ratio l/l. b + = downfield shift; - = upfield shift. 
‘AS (C’) = +0.2 ppm. d Di-, tri- and .tetra-halo-substituted ethylenes show no resonance shifts of C’ 
and C’. eC’H,-C’H,-C”H,-NH,: A6 (Cl)=-0.6; A6 (C?)=+l.S; A6 (C’) =+4.3 ppm. fC’H,-C2Hr 
C3H,-C?N: A6 (Cl)=-0.6; A&i(C’)=-0.6; A6 (C”)=-1.3; A6 (C4)=+0.6 ppm. 

TABLE 2 
SHIFT OF ‘“C NhiR RESONANCES OF REPRESENTATIVE ARENES (1.0 M in chloroform) UPON 
COMPLEX FORMATION WITH SILVER TETRAFLUOROBORATE a 

Arene 

R4 

A6 (@ml b 

R’ R’ R” R4 C’ C’ 

H H H H -0.3 -0.3 

CH, H H H + 6.0 -1.0 
CH, CH, H H +6.0 +6.0 

+5.7 + 2.2 
+4.a -5.4 

‘sb See foknotes II and b, Table 1. c AS (C’) = -13.0 ppm. 

C3 cs 

-0.3 - 0.3 
-5.7 - 7.6 
-3.5 -10.2 
+5.7 - 7.0 
-5.4 + 4.8 



change% in the C-&I coupling constants upon coordination.are very small and 
.~~int~.B~4~r~~~~~.~-~~-~ie~~s-sf~~~?~~~~~.sE~.~~~~"~~~~en. 

coor&nafioi$ oi to a rehybridization into a cyclopropane-like structure (the C-H coupling 
consta&s & &&opropanes are nearly equal to those in alk&es3s4). 

?!&PC:s~S wisfaas of 2226$~~~~~& SmxzM se2c&& zG!&b&y i2cg-z 232&S 

upon coordination, in contradistinction to the resonance of benzene itseIf [see TabIe 2). 
Comparing the values A6 for alkyl-substituted benzenes with each other we conclude that 

~~~~e~ianissituat~ahave~dhetareen~~~d~~~~t~~c~~~~'.Asesa~~wiU 

then appear at a time-averaged position because of fast exchange of the silver ion between 

& pussibl~ coordination sites at the aromatic nucleus. The rekitive contribution of each. 

0xriiti &-&6- w+ll ‘?nz &z-px&rt “purr ik zxb+tcrtiolT p-&k of i&12 ~&fc rnxkax. 
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