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Bis(bipyridine)nickel (11) bromide catalyzes the substitution of chlorine, bromine and iodine in 
I-halo-1-chalcogene alkenes [RCH=CX(YR'), R = CbH?, n-C H ; R1 = CH3, C6H5: X = C1, Br, I:  
Y = S ,  Se] by phenylselenolate and phenyltellurolate anions leading to the S-Se, Se-Te and Se-Se 
asymmetrically substituted ketene chalcogeneacetals [RCH=C(YR')Y'C6H5] under mild conditions 
(30-70°C, 1 atm) and in good yields (8&95%) within a short reaction time (10-60 min). The follow- 
ing compounds were prepared: C6H5CH=C(SeCH3)SeC,H5, C6H5CH=C(SCH3)SeC6H5, n-C4HyCH 

TeC6H5. 

4 9  

=C(S&H3)S&&, n-C4H&H'C(SCH3)SeC&, nC&$H'C(SC6H5)S&6H5, n-C& CH=C(SeCH3) 

Ke.vwords: I-habl-chalcogenealkenes; halogen substitution; nickel catalyst; ketene chalcogenea- 
cetals 

INTRODUCTION 

Organoselenium and organotel l~r ium~~~ compounds are nowadays widely 
employed in many types of important synthetic operations. Among the organose- 
leno- and organotelluro compounds with synthetic applications are the vinylic 
derivatives of these elements415. However, very little information is available in 
the literature about the synthetic utility of ketenechalcogeneacetals. To some 
extent this fact is due to the lack of convenient and efficient methods for their 

* Corresponding author. 
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212 HELIO A. STEFAN1 ef cil. 

preparation. In recent years some methods to synthesize ketene selenoacetals 
were developed6. An easy process was described by Cristau et which con- 
sists in the substitution of bromine atoms of vinylic 1 ,  I-dibromides by phenylse- 
lenolate anions catalyzed by Ni (11) complexes. However, by this method only 
symmetrically substituted thio- and seleno keteneacetals are available. In this 
work we extended this methodology to the synthesis of mixed ketene chalcoge- 
neacetals and studied the effect of the reaction variables in order to find the opti- 
mum conditions for maximum yields. 

RESULTS AND DISCUSSION 

In previous works we synthesized 1 -halo-I-chalcogene alkenes (1) by addition 
of hydrogen halides to thio- and selenoacetylenes' and by carbocupration of phe- 
nylselenoacetylene followed by reaction with a halogen source*. In this work it 
was found that (bipy),NiBrz catalyzes the substitution of chlorine, bromine and 
iodine in 1 by phenylselenolate or phenyltellurolate anions under mild condi- 
tions, leading to ketene chalcogene acetals (2) (Eq. I ,  Table 1). 

R qy R' NaY1C6H,, EtOH R 
- 

( bipy)2NiBr, 
X 

1 2 

The catalytic effect of (bipy)zNiBrl is illustrated by the data given in Figure 1 
and in Table I .  

As can be observed the introduction of the nickel complex leads to a 10-15 
fold increase in the reaction rate and improves the yields of the desired products. 
Thus, in the presence of the catalyst the yield of 1 -thiomethyl- 1 -(selenophenyl)- 
2-phenylethene (2b) reached 9.5% at virtually complete conversion of the alkene 
- 1 b with excellent selectivity with respect to both alkene and diphenyl diselenide 
(entry 3, Table I ) ,  whereas in the non-catalytic reaction under the same condi- 
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o Curve 1 
m Curve2 
A Curve 3 
0 Curve4 

0 20 40 60 
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FIGURE 1 Product concentration vs reaction time at the non-catalytic (curves 1 and 3) and catalytic 
(curves 2 and 4) substitution of a bromine atom in C~HSCH=CB~(SCH~)  (curves 1 and 2, 5OoC) and 
n-C4H9CH=CBr(SCH3) (; curves 3 and 4, 75OC by the phenylselenolate anion. Conditions: [alkene 

solvent - EtOH. 
I b o r g ]  =7  X lV2M; [(C6H,-Se)2] =4.2 X 10- 2 .  M, [NaBH4]=10-'M [(bjpy)zNiBr2] = 3.75 x 10-3M; 
- 

tions only 12% yield was obtained at 3040% selectivity (entry 1, Table 1). Sim- 
ilar results were obtained for 1 -bromo-1-(thiomethy1)-1-hexene (ld) (entries 8 
and 10, Table 1) and for the other examined alkenes (Table 1). 

To prevent the decomposition of the nickel complex, excess of sodium borohy- 
dride used for generating the phenylselenolate anion must be avoided.The intro- 
duction of sodium borohydride into a stirred ethanol solution of diphenyl 
diselenide must be stopped immediately after the yellow solution turned color- 
less. It is also essential to add the alkene to the reaction mixture prior to the addi- 
tion of the catalyst, otherwise a partial deactivation of the catalyst occurs. When 
the alkene (1) was introduced just 2 min after the addition of (bi~y)~NiBr* much 
poorer yields of 2 were achieved. 

To find the most favorable conditions for the synthesis of the ketene chalcoge- 
neacetals (z), the reaction was performed at different temperatures and relative 
amounts of diphenyl diselenide, catalyst and alkene (b-ld), 
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HALOGEN SUBSTITUTION 215 

Temperature Effect 

The effect of the temperature in the reaction of the bromine substitution is similar 
for all studied alkenes [Table 1, entries 3, 6 (112); entries 10, 12, 13 (ld); entries 
20-22 (lc)]. The selectivity for product formation based on the reacted alkene is 
very slightly influenced within 30-75”C, but with rising the temperature up to 
75°C the final alkene and diphenyl diselenide conversion, as well as the selectiv- 
ity for the ketene chalcogeneacetal formation sharply increase for all alkenes, 
except for the most reactive one (la). However, at temperatures higher than 40°C 
the concentration of ketene chalcogeneacetals and & after reaching a maxi- 
mum decreases with reaction time (Figure 2, curves 2‘ and 4’). In this way, for 
these reactions the optimization of the reaction time and temperature to achieve 
the best synthetic results seems to be a problem of special importance. 

8 I 

I 

____ 
~ Curve I 

Curve 1’ 
Curve 2 ’ curve 2’ 

I Curve 3 
1. Curve 3’ 

Curve 4 ! 

’ . Curve 4‘ 
I 

! 

1 

0 20 40 60 80 100 
Timelmin 

FIGURE 2 Product concentration vs reaction time at the catalytic substitution of a bromine atom by 
the phenylselenolate anion: 4 (curves 1 and 1’): & (curves 2 and 2’); 4 (curves 3 and 3’1: la 
(curves 4 and 4’). Conditions: [alkene la, 4, &, or Id] = 7 X lo1 M; [(C,H,Se)2] = 4,2 X IO-’a 
[NaBH4] = lo-’ M; [(bipy)zNiBrz] = 3.75 X 10-3Msolvent -EtOH; Temperatures: 30 C (curves 1, 
2,3.4); 5OoC (curves 1’. 2’, 3’ .  4’) 

Effect of the Catalyst Concentration 

The reaction of the alkenes & and with phenylselenolate were carried out at 
the (bipy),NiBr, concentration in the range of 0.0 - 7.5 x lOP3M [Table 1 ,  entries 
2-5 (&); entries 9-11 (u)]. With up to 3.75 x M concentration of the nickel 
complex, the reaction rates, reagent conversion, total yield of products, and 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
2
6
 
2
8
 
J
a
n
u
a
r
y
 
2
0
1
1



216 HELIO A. STEFAN1 et al. 

selectivity for their formation are improved. A further addition of catalyst (up to 
7.5 x 10-3M) leads to a sharp decrease in all reaction parameters mentioned 
above. Selectivity for the vinylic substitution falls down to 45-50%, presumably, 
due to a side reaction between the catalyst and sodium phenylselenolate’, which 
causes the catalyst deactivation. The optimal molar ratio of the catalyst with 
regard to both alkene and sodium phenylselenolate was found to be about 
5 mol % (entries 3 and 10, Table 1). Under these conditions the best selectivity 
and product yields were achieved with reagent conversions of 85-100%. It should 
be mentioned that the catalyst concentration produces the most essential effect 
on the transformation of selenium containing species. Selectivity for the bromine 
substitution based on reacted diphenyl diselenide decreases with both increase 
and decrease in the catalyst concentration with respect to the optimal one. 

Effect of the Alkene Concentration 

The variation of the initial alkene (I) concentration (other parameters main- 
tained) also revealed that the relative amounts of the components strongly influ- 
ence the efficiency of the ketene chalcogeneacetal (2) formation [Table 1, entries 
3 and 7 (b); entries 10, 14 and 15 (Id); entries 18, 19(la)]. In all cases the best 
results were achieved at a 7.0 x 10-2M concentration of the alkene. The decrease 
in the alkene concentration to 3.5 x 10-2M concentration causes undesirable 
changes in the reagent conversion and/or selectivity for the product formation. 
The decrease in the selectivity based on reacted diphenyl diselenide (Ss,) could 
partially be due to the catalyst deactivation by the selenolate anion mentioned 
above. A further increase in alkene concentration (higher than 7.0 x 10-2M) 
causes a decrease in the product yield. 

The influence of the relative amounts of the alkene ld with respect to diphenyl 
diselenide is illustrated by entries 10, 14-16 in Table 1. The molar ratio between 
diphenyl diselenide and both sodium borohydride and (bipy),NiBr2 were main- 
tained. It can be seen that the molar ratio of the alkene to diphenyl diselenide 
should be close to the stoichiometric one with a little excess of diphenyl disele- 
nide (entry 10, Table I ) .  

Comparison Between the Reactivity of the 1-Halo-1-Chalcogene Alkenes: 

The data on the reactivity of the various I-halo-1-chalcogene alkenes towards 
the substitution of bromine by phenylselenolate anion are presented in Table 1 
and Figure 2. Reactions were carried out at temperatures of 30°C and 50°C. 
These conditions are not the optimal ones for the maximum yield, but offer con- 
ditions for the comparison between the substrates. Analysis of the yields of the 
ketene chalcogenoacetals and the kinetic curves of their accumulation revealed 
the following reactivity order (Scheme 1 )  
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Br Br Br 0r 

SCHEME 1 

Stereochemical Aspects 

The addition of hydrogen halides to thio- and selenoacetylenes presents a low 
stereoselectivity, leading to mixtures of the Z and E 1-halo-1-thio- or l-halo- 
1-seleno alkenes (1)7. The substitution reactions were performed with these mix- 
tures of alkenes, leading to mixtures of the corresponding chalcogeneacetals in 
isomer ratios similar to those of the starting haloalkenes (1) as demonstrated by 
GC, ‘H NMR and 13C NMR data. This fact suggests that the reaction occurred 
with retention of the double bond geometry. The assignment of the stereochemis- 
try of tri- and tetra-substituted vinylic derivates of selenium by spectroscopic 
methods is a matter of controversy” and our group is working on the develop- 
ment of secure and general methods to unambiguously assign the geometry of 
such species containing selenium and tellurium, in order to elucidate the stereo- 
chemical outcome of the reaction described in this paper and other reactions in 
development in our group“ involving tri- and tetra-substituted alkenes. 
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218 HELIO A. STEFAN1 er nl 

Optimum Conditions for Maximum Yield in the Substitution Reaction 1 + 2 

Based on the obtained data, the most favorable conditions for the transforma- 
tion of b-lcJ into &-a were found. After a short reaction time (10-60 min) at 
mild conditions (30-75°C) the yields of 2 reached 80-95% depending on the par- 
ent alkene. Entries 23-27 (Table 1) illustrate some applications of this reaction in 
the substitution of chlorine, bromine and iodine atoms for phenylselenolate and 
phenyltellurolate anions. For these reactions the optimal conditions were not 
determined. In conclusion, the reaction of 1 halo- 1 -chalcogenealkenes with sele- 
nolate and tellurolate anions catalyzed by (bipy),NiBr2 is an efficient method of 
synthesis of mixed ketene chalcogenoketene. 

EXPERIMENTAL 

Analytical Methods 

General: 'H NMR spectra were recorded on a Bruker AC-200 (200MHz) and a 
Bruker DPX 300 (300MHz) spectrometers with tetramethylsilane as the stand- 
ard. I3C NMR spectra were obtained on a Bruker AC-200 (SOMHz) and a Bruker 
DPX 300 (75MHz) spectrometers using the central peak of CDC13 (77.23ppm) as 
the standard. IR spectra were recorded on a Perkin Elmer 1600 spectrophotometer. 
Low resolution mass spectra were obtained on a Finnigan 4021 spectrometer or on 
a GC/MS-Hewlett Packard 5988-8/5890 spectrometer, both operating at 70 eV. 
Elemental analyses were performed at the Microanalytical Laboratory of the Insti- 
tute of Chemistry - USP. The products and starting reagents were analyzed on a 
Hewlett Packard-5890 chromatograph with a flame-ionization detector using a 
HP-1 capillary column (5m x 0.53mm X 2.65ym). 

Solvents and Reagents 

Column chromatography were carried out with Merck silica-gel (23WOO mesh) 
according to the procedure by Still and coworkers12. Thin layer chromatography 
(TLC) was performed on silica-gel 60 F-254 on aluminum. All solvents used 
were previously dried and distilled according to the usual methods13. THF was 
distilled from sodiumhenzophenone under N,, immediately before use. Sele- 
nium metal (320 mesh) and n-BuLi (in hexane solution) were purchased from 
Aldrich. The remaining chemicals were obtained from commercial sources. All 
operations were carried out in flame dried glassware, under an inert atmosphere 
of dry and deoxygenated N,. Diphenyl diselenide", diphenyl di te l l~r ide '~,  
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HALOGEN SUBSTITUTION 219 

seleno- and thioacetylenes l6 were prepared by described methods. 1 -Halo- 
1-seleno alkenes (la, lc, and Lf) were prepared according to reference 7. 
Their analytical data agree with the published ones7. 

and B) were prepared following a procedure 
similar to that used to prepare the seleno analogs7. 

1-Halo-1-thio alkenes (lb, Id, 

Addition of Hydrogen Halides to Thioacetylenes - Typical Procedures 

In a flask containing the thioacetylene (10.0 mmol) in benzene / acetic acid 
(3:l; 15.0 mL) at room temperature was added concentrated hydrogen halide 
[37% HCl, 48% HBr, 57% HI (3.0 &)I. The reaction mixture was stirred at 
room temperature and the progress of the reaction was monitored by gas chroma- 
tography. After all the thioacetylene was consumed, the mixture was dilluted 
with hexane (50.0 mL), the organic phase was washed with saturated NaHC03 
and dried with MgS04. The solvent was evaporated under vacuum and the resi- 
due was purified by flash chromatography on silica gel eluting with hexane. 

The same procedure was used for the reaction catalyzed by HgC1, (0.135g; 
0.5 mmol) using chloroform (50 mL) as the solvent. 

(Z+E) 1 -Bromo-l-(thiomethyl)-2-phenylethene( lb): Anal.Calcd. for C9H9SBr: 
C, 47.17; H, 3.96. Found: C, 47.50; H, 3.81. 300 MHz 'H NMR (CDC1,) 6 2.3 
(s, 3H); 2.4 (s, 3H); 7.0 (s, 1H); 7.1 (s; IH); 7.2 (m, 3H); 7.4 (m, 2H). 75.47 MHz 
13C NMR (CDCl,) 6 18.6; 19.5; 119.4; 120.8; 127.8; 128.0; 128.4; 128.8; 130.7; 
135.5; 137.5. IR (neat) vmax/cm-l: 3021; 2921; 2352; 1590; 1490; 1438; 1075; 
920; 876; 749; 692; 552; 5 17; 509; 497. Mass spectrum (relintensity) 228 (27); 
149 (58); 134 (100); 115 (29); 102 (10); 89 (62); 69 (14); 63 (10). 

(Z+E) 1-Bromo-1-(thiomethy1)-1-hexene (Id): Anal.Calcd. for C7HI3SBr: C, 
40.22; H, 6.22. Found: C, 41.39; H, 6.13. 300 MHz 'H NMR (CDCl,) 6 0.93 (t, 
J=7.2 Hz, 3H); 1.35 (m, 4H); 2.20 (m, 2H); 2.34 (s, 3H); 2.36 (s, 3H); 6.18 (t, 

18.1; 20.9; 29.0; 30.7; 119.9; 136.5. IR (neat) v , , ~ ~ ~ - ~  2956; 2924; 2861; 1443; 
843; 500; 484; 476; 459; 441. Mass spectrum (EI) (relhtensity) 210 (4); 193 (3); 
167 (18); 153 (1); 129 (30); 123 (1); 113 (1); 97 (2); 87 (42); 81 (100); 71 (38); 
59 (1). 

J=6.98 Hz, 1H); 6.27 (t, J=7.59Hz, 1H). 75.47 MHz 13C NMR (CDCl3) 6 13.4; 

(Z+E) l-Iodo-l-(thiomethyl)-2-phenylethene( lg): Anal. Caicd. For C9HgSI: C, 
39.14; H, 3.28. Found: C, 39.49 ; H, 3.36. 300 MHz 'H NMR (CDC13) 6 2.2 (s, 
3H); 2.3 (s, 3H); 6.9 (s, 1H); 7.2 (m, 3H); 7.4 (m, 2H); 7.6 (s, IH). 75.47 MHz 
13C NMR (CDCl,) 6 21.2; 24.1; 94.6; 95.4; 127.8; 128.1; 128.3; 128.5; 129.0; 
134.5; 137.0; 137.8; 145.3. IR(neat) v ~ ~ ~ / ~ ~ - ~ :  3054; 3022; 2916; 1582; 1488; 
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1442; 1430; 1313; 1074; 1029; 967; 919; 866; 748; 693; 592; 512; 502; 493. 
Mass spectrum (relhtensity) 276 (14); 148 (19); 134 (100); 89 (34); 63 (13). 

(Z+E)l -Bromo-l-(thiopheny1)-l-hexene - Anal. Calcd. For CI2Hl5SBr: C, 
53.14; H. 5.57. Found: C, 53.51; H, 5.72. 300 MHz 'H NMR (CDCI,) 6 0.9 (t, 
J=7.0 Hz, 3H); 1.3 (m, 4H); 2.2 (m, 2H); 2.6 (m. 2H); 6.48 (t, J=7.04 Hz, IH); 
6.55 (t, 5=7.01 Hz, 1H); 7.2 (m, 5H). 75.47 MHz I3C NMR (CDCI,) 6 14.4; 
22.2; 30.2; 39.6; 116.8; 125.2; 128.1; 129.5; 129.7; 130.0; 137.7; 144.1. IR 
(neat) vmaxlcm-l: 3064; 2956; 2927; 2862; 1582; 1477; 1440; 1378; 1068; 1024; 
842; 739; 688; 533. Mass spectrum (rel.intensity) 272 (13); 227 (9); 191 (13); 
190 (7); 147 (51); 115 (25); 91 (100); 71 (31). 

Vinylic Substitution Reactions - Typical Procedure 

The reactions were carried out in a magnetically stirred reactor equipped with a 
condenser and a sampling system. A mixture of diphenyl diselenide (0.131g, 
0.42mmol) and sodium borohydride (O.O28g, 0.75mmol) was placed in the reac- 
tor. The reactor was purged with nitrogen and ethanol (8mL) was injected via 
syringe to the stirred mixture at room temperature. Then a solution of sodium 
borohydride (O.Olg, 0.25mmol) in ethanol (2mL) was introduced into the system 
via syringe until the yellow color of the solution faded. To this stirred solution 
1 -bromo-1 -thiomethyl-1 -hexene (0.148g. 0.7nimol) and (bipy),NiBr2 (O.O2g, 
0.0375mmol) were added in turns at 70°C. The progress of the reaction was 
monitored by gas chromatography. The reaction mixture was stirred for the time 
reported in notes of Table I. The reaction conditions and amounts of catalyst and 
reagents for all experiments are mentioned in Table 1 .  Ketene chalcogeneacetals 
were separated from the reaction mixture by addition of water and extraction 
with ether. The organic phase was dried with MgS04 and the solvents were evap- 
orated under vacuum. The resulting yellow oils were purified by flash Si02 col- 
umn chromatography using hexane as the eluent. For yields and reaction times 
see Table 1 .  

(Z+E) 1 -selenophenyl-1 -(selenomethylk2-phenylethene (2a) (ratio of geometric 
isomers: 2:l): Anal.Calcd for CI5Hl4Se2:C, 51.14; H, 3.98. Found: C, 51,17; H, 
3,97. 200 MHz 'H NMR (CDCl,) for major isomer: 6 7.57 -7.14 (m, 1 1 H), 2.13(s, 
3H); for minor isomer: 7.14-7.57. 2.19 (s; 3H); 6 50 MHz 13C NMR (CDCl,) for 
major isomer: 6 10.55, 122.10, 127.37, 127.49, 128.07, 128.77, 129.28, 131.68, 
132.12, 137.29, 139.85; for minor isomer: 9.80, 121.46, 127.34, 127.44, 128.02, 
128.62, 128.91, 130.49, 132.75, 135.34, 137.36. IR  neat)^,,^^^-^ 1000 (m), 
1022 (w). 1069 (m). Mass spectrum (EI) m/z (rel. intensity) 354 (42), 259 (1 l), 197 
(46), 182 (49 ,  157 (15). 116 (73). 102 (loo), 77 (66). 
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(Z+E) l-Thiomethyl-l-(selenophenyl)-2-phenylethene (2b): (ratio of geometric 
isomers: 1S:l): Anal. Calcd for Cl5HI4SSe: C, 59.02; H, 4.59. Found: C, 59.32; 
H, 4.82. 200 MHz 'H NMR (CDCI,) for major isomer: 6 7.91 - 7.54 (m, 11H), 
2.62 (s, 3H); for minor isomer: 7.91-7.54 (m, 11H), 2.67 (s, 3H). 50 MHz I3C 
NMR (CDC13) for major isomer: 6 19.28, 127.23, 127.50, 128.04, 128.80, 
129.26, 130.61, 131.76, 132.08, 137.02, 138.39; for minor isomer:18.29, 127.20, 
127.50, 128.04, 128.80, 128.98, 130.61, 131.15, 132.51, 136.50, 137.02. IR 
(neat) v , , ~ ~ ~ - ~ .  1000(m), 1022 (w), 1068 (m). Mass spectrum (EI) m/z (rel. 
intensity) 306 (13), 157 (9, 149 (85 ) ,  134 (loo), 116 (26), 102 (ll), 89 (15), 77 
(13). 

(Z+E) l-Selenophenyl-l-(selenomethv1)-1 -hexene ( 2 ~ ) :  (ratio of geometric 
isomers: 2:l): Anal. Calcd for CI3Hl8Se2: C, 46.99; H, 5.42. Found: C, 47.23; H, 
5.32. 200 MHz 'H NMR (CDC13) for major isomer: 6 7.48 - 7.41 (m, 2H), 
7.29 - 7.21 (m, 3H), 6.46 (t, J=7 Hz, lH), 2.39-2.24 (m, 2H), 2.10 (s, 3H), 1.45- 
1.25 (m, 4H), 0.94-0.84 (m, 3H); for minor isomer: 7.48 - 7.41 (m, 2H), 
7.29 - 7.21 (m, 3H), 6.29 (t, J=7.0Hz, lH), 2.39-2.24 (m,2H), 2.12 (s, 3H), 1.45- 
1.25 (m. 4H), 0.94-0.84 (m, 3H). 50 MHz I3C NMR (CDC1,) for major 
isomer: 69.26, 13.87, 22.20, 31.18, 32.93, 116.25, 126.86, 129.06, 131.36, 
145.51; for minor isomer: 9.05, 13.87, 22.20, 30.91, 33.18, 117.54, 126.73. 
128.97, 131.42, 141.53. IR   neat)^,,^^^-^ .I000 (m), 1022 (w), 1068 (m). 
Mass spectrum (EI) m/z (rel. intensity) 334 (51), 157 (19), 135 (39), 116 (24), 81 
(100). 77 (25). 

1 -Thiomethyl-1 -(selenophenyl)-1 -hexene (2d) (starting from a single isomer of 
Id, a single isomer of 2d was obtained): Anal. Calcd for CI3Hl8SSe: C, 54.74; H, 
6.32. Found: C, 55.07; H, 6.00. 200 MHz 'H NMR (CDCl,) 6 7.49 - 7.42 (m, 
2H), 7.31 - 7.20 (m, 3H), 6.34 (t, J=7 Hz, lH), 2.41 - 2.23 (m, 2H), 2.21 (s, 3H), 
1.51 - 1.25 (m, 4H), 0.91 ( t ,  J=7.4Hz, 3H). 50MHz 13C NMR (CDCI,) 13.87, 
18.30, 22.26, 31.02, 32.02, 126.02, 126.86, 129.03, 131.30, 131.45, 144.61. IR 
(neat) vrnadcm-l :lo00 (m), 1023 (w), 1069 (w). Mass spectrum (EI) m/z (rel. 
intensity) 286 (19), 157 (3, 129 (20), 87 (loo), 81 (93), 77 (12). 

(Z+E) 1 -Selenomethyl-l-(telurophenyl)-2-phenylethene (2e): (ratio of geomet- 
ric isomers: 1S:l): Anal. Calcd for Cl3Hl8SeTe: C, 41.01; H, 4.73. Found: C. 
41.32; H, 4.97. 200 MHz 'H NMR (CDCl,) 6 7.81 - 7.19 (m, IIH), [2.20 (s); 
2.13 (s), 3H]. 50 MHz 13C NMR (CDC13) for major isomer: 6 14.35, 116.70, 
127.49, 128.03, 128.16, 128.73, 129.58, 137.43, 139.72, 146.12; for minor 
isomer: 6 10.96, 106.07, 127.34, 128.00, 128.16, 128.73, 129.05, 136.52, 138.59, 
139.56. IR (neat) vmax/cm-l :lo00 (m), 1023 (w), 1068 (m). Mass spectrum (EI) 
m/z (rel. intensity) 400 (9), 197 (13), 182 (3, 116 (86), 102 (loo), 77 (88). 
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(Z+E) 1 -Thiophenyl-1-(selenopheny1)-1-hexene (20: (ratio of geometric iso- 
mers: 1.7: 1): Anal. Calcd for C17H20SSe: C, 62.26; H, 5.76. Found: C, 62.15; H, 
5.82. 200 MHz 'H NMR (CDC13) 6 7.43 - 7.16 (m, lOH), [6.43 (t, J=7.7 Hz); 
6.38 (t, J=7.3 Hz), IH], 2.42 - 2.30 (m, 2H), 1.45 - 1.23 (m, 4H), 0.91 - 0.82 (m, 
3H). 50 MHz I3C NMR (CDCl,) for major isomer: 6 13.88, 22.27, 31.45, 32.79, 
123.37, 126.98, 127.63, 128.75, 129.00, 129.68, 131.16, 133.78, 135.32, 146.63; 
for minor isomer: 6 13.88, 22.30, 31.09, 32.79, 124.80, 126.45, 127.18, 128.68, 
128.75, 130.41, 130.74, 133.02, 135.24, 144.57. IR (neat) v ~ ~ ~ ~ ~ - ~ :  1000 (m), 
1023 (m), 1068 (m). Mass spectrum (EI) m/z (re]. intensity) 348 (22), 191 (24), 
149 (64), 81 (loo), 77 (21). 
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