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The 13C NMR spectra of 13C labeled mono- and di-substituted silyl- and 
stannyliacetylenes have been studied. It was found that the values of ‘J(CC) 
coupling constants between acetylenic carbons decrease very sharply in the 
series Alk$iECH, Alk,SnGCH, Alk,SiCECSiAlk, and Alk,SnECSnAlk,. 
These results and the observed changes in the getiinal.hetero-atom -_P-acetylenic 
carbon coupiings suggest a very strong pi -d, interaction between the r-elec- 
trons of the triple bond and the vacant d orbitals of silicon and tin. 

Introduction 

The character of the bonding between carbon and the Group IV elements, 
and the electron distribution changes in an organic molecule upon substitution 
with silicon or tin containing groups are the subjects of a rapidly growing num- 
ber of investigations [l] and theoretical calculations [2]. For the investigation 
of the metal-carbon interactions in acetylenic compounds various techniques 
have been used, in particular electron diffraction [3,4] and IR [5], UV [6] and 
NMR 17-101 spectroscopy. The NMR studies have been limited to the investi- 
gation of the chemical shifts and/or carbon-proton and carbon-metal spin- 
spin couplings, and no data on 13C-13C coupling constants have been reported. 

To provide information on the electron distribution in the silicon and tin 
derivatives of acetylene, Fourier transform NMR studies have been carried out 
in 13C enriched mono- and bis-(triethylsilyl)acetylenes and their tributylstannyl 
analogues. The results presented below show that there is a very strong delocali- 
zation of the x electrons of the triple bond towards the silicon or tin atoms. 
This is mariifested by a very large decrease in the 13C-13C coupling between the 
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carbon atoms. of the triple bond ~when the acetylenic hydrogens are replaced 
by an A.&M substituent. The most striking is the case of bis(tributylstannyl)- 
acet$lene,-where the value of-‘J(CC) viz. 80 Hz falls in the range tYgical of 
coupling across a double bond. 

Results I 

Mono- and bis-(triethylsilyl)acetylenes and their tibutylstannyl analogues 
labeled in the acetylenic fragment with carbon-13 have been synthesized, and 
their FT-NMR spectra measured and anslysed. The results are presented in 
Tables 1 and 2 and Fig. 1 and 2. 

In all the syntheses, acetylene-“C&-1,2 of 90% isotopic enrichment was used 
as the starting material. Consequently, the samples studied consisted of 81% of 
13C,-labeled acetylenes and -18%~ of monolabeled ones. The amount of non- 
labeled compound was 1%. 

The interpretation of the spectra of triethylsiIylacetylene-13C2_1,2 (I) and 
tribui+&annylacetylene-13C2_1,2 (II) presented no problems. The acetylenic 
fragments of these compounds represent an AR system, and the ‘J(CC) coupling 
through the triple bond can be derived directly from the spectrum (Fig. 1) 
without further calculations. The chemical shifts of the ar(C2) and fl(Cl) acety- 
lenic carbons can also be easily determined for this system, and the values are 
confirmed by the positions of the stron singlets belonging to the monolabeled 
compounds Alk3MmH and AlksMCE ‘H (9% of each in the isotopic mixture). 4! 
MJ3C spin-spin couplings were observed as “Si, “‘Sn and ’ “Sn satellites in 
the 13C spectra of the non-labeled compounds. Additionally, in the spectrum 
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Fig. 1.73x.2 --&*- -C portion of the 13C NMR spectrum of tributylstannylacetylene-13C2-1.2 (in acetone); 
(a) 600 TN: (b) 7000 TN: * signah of 117!3n13e13C satellite ABX spectrum (AB pet): 0 signals of 

11gS~13E13C sateliite ABX spectrum (AB part). 



Fig. 2. The -&&portion of the 13C NMR spectrum of bis(tributylstannyl)acetylene-13C2-1.2 (in 
acetone); (a) 500 TN; @) 7000 TN: * signals of 117Sn13CZ13C satellite AA’X spectrum (AA’ Part): 0 signals 
of 11%a13CZ13C satellite AA’X spectrum (AA’ part). 

of the tributylstannylacetylene-‘3C,-1,2 (II) (Fig. 1) two superimposed satellite 
spectra of the ABX type arising from coupling between two ‘3C-acetylenic 
nuclei (AB) and l17Sn or ’ lpSn atoms (X) have also been observed. The analysis 
of the Al3 parts of these spectra again gave ‘J(ClC2), ‘J(SnC2), and 2J(SnC1) 
constants. The values were in excellent agreement with those found from the 
main AB spectrum (‘J(ClC2)) and from the satellite spectrum of the non-labeled 
compound (‘J(SnC2) and 2J(SnC1)). 

The resonance assignments for acetylenic carbons (Cland C2) were based on 
the magnitudes of the 13C-M couplings, the larger one-bond coupling being 
observed for the higher field signal in both I and II. 

The situation in the bis(triethylsilyl)- and bis(tributylstannyl)-acetylenes is 
more complex. Both equivalent “C acetylenic atoms give only one, very strong 
signal (Fig. 2). The ‘%Y3C coupling constant can be found only from a weak 
satellite spectrum of AA’X type, where AA’ denotes two carbon nuclei in the 
acetylenic fragment and X is the corresponding hetero atom. In order to find 
all the lines of the AA’ part including the weakest, a long cumulation time 
(1600 TN for HI and 7000 TN for IV) had to be used. The analysis of these 
spectra gave the ‘J(ClC2) and both ‘J(MC2) and ‘J(MC1) in III and IV (Table I). 
No attempt was made to determine the signs of the coupling constants. 

Discussion 

Perhaps the most important result concerns the magnitude of the 13C-13C 
spin-spin couplings between the two acetylenic carbons. Even in tri&hylsilyl- 
acetylene (I) the value of the 13C-13 C coupling constant is as low as 130.9 Hz 
(in acetone), and in III (a disubstituted silyl derivative) diminishes to 101.4 Hz, 
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i.e., much below the values previously observed for a coupling through a triple 
bond (viz:150-180 Hz [ll]). This feature is still more pronounced in stannyl- 
acetylenes. The magnitudes of the coupling constants measured under similar 
conditions (acetone solutions of the same concentration) for tributylstannyl- 
acetylene (II) and bis(tributylstannyl)acetylene (IV) are 119.8 and 81.0 Hz, 
respectively. The latter value is not much higher than the J(CC) coupling constant. 
in ethylene (67.6 Hz). These results can be interpreted in terms of a strong 
PT - d, interaction, i.e. a very large contribution of the mesomeric form B. 

Alk&I-C=CH f--+ Alk&C=bH 

<A> (B) 

The s character of the carbon atoms in III and IV, calculated from the Frei- 
Bernstein relationship [12], are 46.3 and 38.3%, respectively_ The correspond- 
ing values for acetylene and ethylene are 55.1 and 35.1%, respectively. 

The one-bond coupling constants 2gSi-‘3C2, 11gSn--‘3C2’ and i1 7Sn--‘3C2 * 
accross a single bond are almost insensitive to the effective increase in the elec- 
tron density on the hetero atom and the changes in the hybridization of the 
linked atoms. A comparison of 1J(2gSi--‘3 CZ) in I and III and ‘J(“gSn--‘3C2) 
and ‘J(“7Sn-‘3C2) in II and IV shows that the attachment of a second AlksM 
group to the acetylenic bond has practically no influence on these ‘Jvalues. 
(Thus ‘J(I)/‘J(III) = 1.00, ‘J(IIa)/‘J(IVa) and ‘J(IIb)/*J(IVb) = 1.02 in acetone). 

In contrast the changes in the spin-spin coupling between the hetero atom 
and acetylenic carbon &Cl) through two bonds are very large (2J(I)/2J(III) = 1.6 
and *J(II)/‘J(IV) in all cases >2). This confirms that the density of n-electrons 
in the triple bond diminishes drastically upon substitution with Alk3Si and Alk3Sn 
groups, and indicates that the *J(I$C) coupling constants, like ‘J(CC), are valu- 
able guides to these changes. The corresponding 2J(CH) values remain practically 
constant in the series (CH,)&iWH, (C6H5)$WPCIi, (C2H5)3GeC=CH and 
(C6Hs)sSnC=CH (41-O-42.5 Hz [S])_ 

Features of the chemical shifts of the acetylenic carbon atoms are also in a 
good agreement with conclusions drawn from the ‘J(ClC2) and *J(MCl) changes. 
Monosubstitution of the triple bond with trialkylsilyl and tialkylstannyl groups 
results in a downfield shift for the (Y- and P-acetylenic carbons; an especially 
large shift (>28 ppm) is observed for the @ carbon when the resonances in I and 
II are compared with analogous signals in hexyne-1 (Table 2). Upon introduc- 
tion of the second Alk,M group, a further shift of acetylenic carbon resonance 
towards lower field is observed (deshielding of 32.6 and 35.5 ppm in III and IV, 
respectively, relative to the analogous signal in hexyne-3). A similar deshielding 
of acetylenic carbons in mono- and di-substituted trimethylsilyldiynes was observed 
by Hear-n [9], and attributed to pTT - d, interaction between the carbon-carbon 
triple bond and the silicon atom. 

It should be noted that our conclusions are the opposite of those drawn by 

* Two separate sets of lines arising from the coupling between carbon-13 and tin-119 and -117 

isotopes were observed for all but one case. Since the differences between the corresponding 
coupling constants were quite mazked. the values for both J( 119Sn-*%) and J(117Sn--‘3C) are 

reported and discussed separately. 



,- b&&U.~[lQ] for s&y1 acetyh~ties of the-type &$e$n(c-CR)& with .varyiq 
R :a& -RI I&&heh’s-conclusion -that pfl 7 d, -interaction between-tinand.tlie 
ace_tyle&.btjond arenot impOrtant was based on the substituent chemical shift 
(SCS) in the R fragmqt, but-Hearn h&s shown-that these electronic influences 
tie orrly poorly transmitted to more distant nuclei [9]_ 

@‘hdiy we comment -briefly .on the. chemical shifts and cou&ng constants n 
the alkyl dhains of.the compounds studieci, Assignment of the a! and p carbons 
(C3 and C4) in triethy+iiylacetylenes I and III is easy; the higher field signal- 
with- a large -’ “CPpSi coupling constant (57 Hz) arises from the 01 carbon and 
tha$ at the lower field from the p carbon. Assignments in the butyl group of 
stannyl&etylenes II and IV follow those made by Mitchell for tetrabutyXn 
(Table 2). Examination of the results for both of these sets of compounds reve; 
that only the a-carbon (C3) is influenced by the changes in the structure of the 
molecule,-the chemical shifts and coupling constants for carbons p, 7 and S (C4 
C5and C6) being very similar to those in the compound studied by Mitchell 
(Tabies 1 and 2). 

It is noteworthy that in both mono- and bis-(tibutylstannyl)acetyIenes the 
couphng of the tin nuclei with the sp3a (C3) carbon in an alkyl chain is larger 
than that witb a-neighbouring s- acetylenic carbon; whereas the exactly opposit 
result would be expected if the F’rei-Bernstein correlation of ‘J(CC) with the 
s-character of bonding orbital [12] were valid for J(C-Sn) couplings. Our obser 
vation confirms that by Mitehell [lOI for other tin compounds, viz, that the 
hybridization of the carbon nucleus cannot be considered as the only factor 
governing the changes in the J(C-Sn) coupling constants. 

Experimental 

The synthesis of the investigated compounds will be described in a separate 
paper 5141. 

The spectra were recorded on a XL-I.00 Varian NMR spectrometer in a Four% 
transform mode with XL = 100’s pulse - Fourier Transform Control Module and 
Varian Data 620 .L computer, with proton-noise decouphng: Either .CD&OCD, 
or CbD12 was used as lock. The number of pulses ranged from 500--5000, tid 
the resolution was 0.1 Hz. The chemical shifts are expressed in ppm relative 
to internal TMS and are beheved to be accurate to Oil ppm. The compounds 
were examined as 10%. solutions in acetone-d, and cyclohexane-dll. Either 5 or 
22 mm NMR tubes were used depending on the amount of the compound avail- 
able. The analysis of the spectra was performed by the Garbisch Jr. method ll5] 
and the results checked by means of the LAOCOON III program. 
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