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ABSTRACT 

Reactions of SeCl, with lithium bidtrimethyl- 
sily1)amide and terminal acetylenes in the presence o f  
BuLi or AIBN affiwded the corresponding dialkynyl 
selenides in moderate to high yields. The reaction may 
proceed via a selenium amide 7 and an alkynyl se- 
lenium amide 8. The comparison ofI3C NMR spectra 
of dialkynyl selenides and tellurides has disclosed that 
the differences of the chemical shift of acetylenic car- 
bons between Se and Te derivatives are consistent re- 
gardless of their substitution patterns. Ab initio mo- 
lecular orbital calculations are reported for dialkynyl 
ether and chalcogenides. The calculated structures, 
charge distributions, and orbital energies are dis- 
cussed. 

Dialkynyl ether:; and chalcogenides are com- 
pounds of great interest because of their potential 
synthetic utility as well as their structural prop- 
erties, resulting from the situation that two elec- 
tronically rich alkynyl groups are attached to an 
electronegative i5tom [ 11. However, only limited 
examples have been reported concerning synthetic 
efforts to attain :such compounds. Several kinds of 
dialkynyl sulfides have been prepared by mono- or 
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dialkynylation of sulfur dichloride or alkynyl thi- 
ocyanates [2]. Only two Se derivatives were 
synthesized by alkynylation of lithium alkynesel- 
enolates [3]. We have found recently that 
the combination of TeC1, and lithium bis- 
(trimethylsily1)amide (1) accomplishes the in situ 
generation of a Te(2 +) species which successively 
reacts with two molecules of terminal acetylenes 
to give dialkynyl tellurides in good to high yields 
[4,5]. Herein, we report that the application of this 
method to SeCl, and terminal acetylenes afforded 
the corresponding dialkynyl selenides . Further- 
more, 13C NMR spectra of dialkynyl selenides and 
tellurides and their molecular orbital calculations 
have disclosed their structural and electronic 
properties. 

Similarly to the reaction of TeC14 with 1 and 
terminal acetylenes [4], SeC1, was treated with 1 
at 0°C for 30 minutes, phenylacetylene was added, 
and the mixture was stirred at temperatures rang- 
ing from 25 to 67°C. However, a black tar was 
mainly obtained, and the desired selenide 2a was 
obtained only in poor yields in tetrahydrofuran 
(THF), as shown in Table 1. The reaction in C6H6 
afforded silylacetylene 3a as a major product (run 
4). To enhance the yield of 2a, the effect of an ad- 
ditive was examined. As a result, the addition of 1 
equiv of BuLi to THF or the addition of 0.1 equiv 
of 2,2'-azobis(isobutyronitri1e) (AIBN) to CbH6 gave 
2a in better yields (runs 3 and 5). 

The reaction with a variety of terminal acety- 
lenes was carried out. As summarized in Table 2, 
the optimum reaction conditions are highly de- 
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1) LiN(SiMe3)p (1) 

2) RCECH SeC14 ;r RCZC-Se-C3CR + RCECSiMe3 + RC,=C-C~CR 

additive 2 3 4 

a R = C6H5, b R = CH&6H4, c R = C4H9, d R = CI(CH2)3, e R = Me3Si, f R = c\r 

TABLE 1 Reaction of SeCI, with 1 and Phenylacetylene 

Yield (%) 
Temperature Time 

Run Solvent Additive (h)" 2 3 4 

1 THF - 67 8 3 0 4  
2 THF BuLi - 20 8 32 0 38 
3 THF AlBN 67 1.5 15 6 22 
4 CsHs - 80 5 21 51 14 
5 CCH6 AlBN 80 5 43 24 9 

Temperature and time after the addition of 2a were shown. 

pendent on the substrates. The reaction of aro- 
matic acetylenes gave 2 only in moderate yields, 
together with 3 or 4 (runs 1 and 2). Attempts to 
obtain the dialkynyl selenide from 4-chlorophen- 
ylacetylene have failed. Alkynyl selenide 5 and al- 
kynyl diselenide 6 were obtained from the reaction 
using BuLi as an additive. 

Alternatively, the reaction in C6H6 gave quan- 
titatively 3 (R = 4-C1C6H4). In contrast, the reac- 

TABLE 2 Reaction of SeCI, with 1 and Terminal Acetylenes 

(Me3Si)zN-Se-N(SiMe& RCZCSeN(SiMe3)2 

7 8 

tion of aliphatic acetylenes and the silylacetylene 
afforded 2 in good to high yields (runs 3-6). 

In the present reaction, the selenium diamide 
7 is initially formed via reduction and amination 
of SeC14 with 1 [6]. 

Alkynyllithium generated from a terminal 
acetylene and BuLi may successively attack the se- 
lenium atom of 7 and also that of the intermediate 
8 to give the product. As for the reaction with TeCI,, 
the corresponding amide could undergo proton ab- 
straction of the terminal acetylenes, whereas 7 was 
less basic probably because of the stronger sele- 
nium-nitrogen bond compared with a tellurium- 
nitrogen bond [7,8]. This stability can also be seen 
in the reaction in the presence of AIBN. The cleav- 
age of the silicon-nitrogen bond becomes compet- 
itive with that of the selenium-nitrogen bond. 

The chemical shifts of alkynyl carbons of di- 
alkynyl selenides 2 were com ared with those of 
Te derivatives on the basis of C NMR spectra [91. 
As shown in Table 3, the alkynyl carbons adjacent 
to Se were observed in the range of 6 54 to 6 90, 
whereas the carbons away from Se were in the 

P 

Acetylene 
Run (R) Solvent and Additive 

Yield (?/.) 

Temp. ("C)" and Time (h) 2 3 4 

1 CH3C6H4 THF -78 "C 28 0 42 
BuLi 3 h  

AlBN 5 h  

BuLi 24 h 
THF -20 "C 55 0 0 
BuLi 5 h  

AlBN 5 h  

" - 5 h  

2 CH3OC6H4 C6H6 80 "C 38 47 11 

3 C& THF 25 "C 42 0 0 

4 C W M 3  

5 Me,Si THF 25 "C 72 0 0 

C6H6 25 "C 69 16 10 

Temperature and time after the addition of terminal acetylene were shown. 
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TABLE 3 13C NMR Spectra of Dialkynyl Chalcogenides 

RGCEGCR R G C E C X R  

RGCEGCR E = Se E = Te A ( Se- Te) E = Se E = Te A ( Se- Te) 
R (6) (8) ( P P 4  (6) (4 ( P P m  

C6H5 64.8 43.4 21.4 100.3 112.6 - 12.3 
4-CHSOCeH4 63.2 41.3 21.9 100.1 112.5 - 12.4 

CdH, 54.0 30.8 23.2 101.6 114.3 - 12.7 
CKCH2)3 55.4 32.6 22.8 99.7 112.2 - 12.5 
Me,Si 89.8 59.3 30.5 113.8 123.6 -9.8 

61.8 39.7 22.1 101.7 114.4 - 12.7 0- 

U -u u- 

FIGURE 1 Optimized geometries of the most stable con- 
formations of 9-12. 

range of 6 99 to is 114. When the Se atom was re- 
placed with Te, the resonances of both carbons were 
shifted to higher ,and lower fields, respectively. Re- 
gardless of the substituents attached to the ace- 
tylenic carbon, the differences of the chemical shifts 
between Se and Te derivatives are within the range 
of 1.8 ppm except for the Me3Si derivatives. 

In order to gain further insight into the prop- 
erties of dialkynyl chalcogenides, the molecular 
orbital calculations with the minimum STO-3G 
basis set [lo] were carried out on dialkynyl ether 
9 and dialkynyl chalcogenides 10-12. The opti- 
mized geometries, of the most stable conformers are 
presented in Figure 1. 

Comparison of the optimized geometries of 9- 
12 indicates that the bond lengths between the 
chalcogen atom and the acetylenic carbon are longer 
in the order of (3, S, Se, and Te because of their 
atomic radii. On the other hand, the bond angles 
of C-E-C (E = 0, S, Se, Te) become smaller in the 
order of 0, S ,  Se, and Te. 

The results of the Mulliken population analysis 
of the total atomic charges for each compound are 
shown in Figure 2. 

The relatively large negative charge of -0.23 
at the carbon adjacent to Te in 12 is consistent with 
the fact that, in the 13C NMR spectra of dialkynyl 

0.314 -0.1 73 

0.1 11 0.329 0.459 

FIGURE 2 Total atomic charges in 9-12. 

tellurides, the resonances of the carbons next to Te 
are observed to be at ca. 21 ppm higher field than 
those in dialkynyl selenides, although the atomic 
charge and I3C NMR spectra of the alkynyl carbon 
atoms away from Se and Te do not correlate with 
each other. 

The energies of the frontier orbitals are also of 
interest (Table 4). The energies of the LUMOs, the 
main component of which is the T LUMO of the 
acetylene moiety in each case, are dramatically 
lower in going from 0 to S, Se, and Te, whereas 
the differences of energies of the NHOMO's com- 
posed of the T HOMOS of the acetylene moieties 
are within 0.7 eV of one another. 

TABLE 4 Frontier Orbitals (LUMO, HOMO NHOMO) of 
9-12 

NHOMO HOMO LUMO 
(e V) (e V) (e V) 

9 -9.80 -8.49 10.1 3 
10 -9.60 -7.20 9.67 
11 -9.66 -7.18 8.35 
12 -9.13 -6.52 6.83 
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EXPERIMENTAL 
Instrument and Materials 
THF was distilled from sodium benzophenone ke- 
tyl prior to use. Benzene was distilled from sodium 
and stored under nitrogen. The acetylenes were 
distilled either from CaH, or under reduced pres- 
sure. Selenium powder was purchased from Na- 
calai Tesque and used without further purifica- 
tion. 'H and I3C NMR spectra were recorded on a 
JEOL JNM-GX-270 spectrometer using CDC13 as a 
solvent with Me4Si as an internal standard. IR 
spectra were obtained on a Perkin-Elmer Model 
1650 spectrometer. Mass spectra and high resolu- 
tion mass spectra were measured on a Shimadzu 
model 9020DF instrument. Melting points were 
determined by using a Yanagimoto melting point 
apparatus and are uncorrected. 

General Procedure for the Preparation of 
D ialky nyl Selen ides 
To lithium bis(trimethylsi1yl)amide 1 (2 mmol) in 
THF (8 mL) was added a THF solution (2 mL) con- 
taining SeC1, (0.5 mmol), and the mixture was 
stirred at  0°C for 2 hours. To the resulting deep red 
solution were injected successively an acetylene (1 
mmol) and a hexane solution of BuLi (1 mmol) at  
an appropriate temperature, and the mixture was 
stirred. It was poured onto ice water and extracted 
with ether. The combined organic layer was dried 
over Na2S04, concentrated, and purified by thin 
layer chromatography using CH2C12/n-hexane (1 : 10) 
as an eluent to give the dialkynyl selenide. 

Bis(4-methoxyphenylethynyl) Selenide 
2b: a yellow solid; mp 100-103°C; IR (KBr) 2915, 
2120, 1655, 1600, 1510, 1435,1285, 1245, 1165,1070, 
1025, 820, 745, 660, 530 cm-'; 'H NMR (CDCI3) 6 
3.80 (s, 6H, CH30), 6.83 (d,J  = 8.8 Hz, 4H, Ar), 7.42 
(d, J = 8.8 Hz, 4H, Ar); 13C NMR (CDCI3) 6 55.3, 
63.2, 100.1, 114.0, 114.7, 133.8, 160.2; CIMS (rn/z)  
343 (M' + 1); HRMS calcd for CI8Hl4O2Se: 
342.01 584. Found: 342.01736. 

Bis(1-hexynyl) Selenide 
2c: a yellow liquid; IR (neat) 2960,2945, 2250,2175, 
1460, 1430, 1375, 1325, 1240, 1105, 960, 910, 735, 
655 cm-'; 'H NMR (CDC13) 6 0.89 (t, 6H, J = 7.1 
Hz, CH3), 1.38-1.54 (m, 8H, CHJ, 2.34 (t, 4H, J = 
7.0 Hz, CH,); I3C NMR (CDC13) 6 13.6, 20.1, 21.9, 
30.5, 54.0, 101.6; EIMS (m/z) 242 (M+); HRMS calcd 
for CI2Hl8Se: 242.05728. Found: 242.05718. 

B is(5-ch loropent-1 -y nyl) Selen ide 
2d: a light yellow liquid; IR (neat) 2950, 2900, 2850, 
2250,2150,1440, 1420,1340, 1290, 1250, 1180,1040, 

935,910,840,800,760,700,660,640,560,490,440 
H NMR (CDC13) 6 1.93-2.02 (m, 4H, CH,), c m - I .  1 

2.55 it, 4H, J = 7.0 Hz, CH,C), 3.63 (t, 4H, J = 6.4 
Hz, CICH,); I3C NMR (CDCI3) 6 17.8, 31.1,43.5, 55.4, 
99.7; EIMS ( rn l z )  282 (M+); HRMS calcd for 
CloHl,Cl2Se: 281.94806. Found: 281.94873. 

B is( trimethylsily leth y nyl ) Selen ide 
2e: a yellow liquid; IR (neat) 2950,2800, 2200, 2150, 
1410,1250, 1090,840,765,700,640,620,550 cm-'; 
'H NMR (CDC13) S 0.19 (s, 18H, CH3Si); 13C NMR 
(CDC13) S -0.3, 89.8, 113.8; CIMS (v~/z) 275 (M- + 
1); HRMS calcd for CloHlsSi2Se: 274.01 114. Found: 
274.01 195. 

Bis( 1 -cyclohexenylethynyl) Selenide 
2f a yellow liquid; IR (neat) 3050, 2950, 2850,2150, 
1620, 1440, 1430, 1345, 1260, 1230, 1160, 1130, 1070, 
1040, 960, 910, 850, 835, 790, 770, 660, 520, 440 
cm-I; 'H NMR (CDCl,) S 1.55-1.59 (m, 8H, CH,), 
2.08-2.12 (m, 8H, CH,), 6.17 (t, 2H, J = 1.8 Hz, CHI; 
I3C NMR (CDCI3) 6 21.4, 22.2, 25.7, 28.8, 61.8, 101.7, 
120.6, 137.1; CIMS (m/z) 291 (M' + 1); HRMS calcd 
for C16HlsSe: 290.05728. Found: 290.05915. 
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