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Abstract 
PEG-400 and glycerin were successfully used as recyclable solvents for the synthesis of several 
alkenyl selenides and tellurides, in good yields and with high selectivity by the hydrochalcogenation 
of terminal alkynes. The nucleophilic species of selenium and tellurium were generated in situ from 
the reaction of the respective diphenyl dichalcogenide with NaBH4 at 60 °C. This easy, general and 
improved method furnishes the corresponding alkenyl chalcogenides preferentially with Z 
configuration. The PEG-400 can be reused up to 4 times without previous treatment with 
comparable yields and selectivity. 
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Introduction 
 
Alkenyl selenides and tellurides have been found to be very useful tools in organic synthesis, since 
they are very versatile intermediates for the selective construction of isolated or conjugated olefins,1 
such as the natural occurring montiporic acids A and B,2 macrolactin A3 and (-)-gymnodimine.4 

Besides, organoselenium and organotellurium compounds have attracted  increased interest because 
of their unique biological and pharmacological properties.5 In this way, various methods are 
mentioned for the preparation of alkenyl selenides and tellurides and the most common ones 
involve the addition of organo chalcogenols, or the respective chalcogenolate anions, to terminal or 
internal alkynes.1,6 On the other hand, the development of environmentally benign and clean 
synthetic methods, including those involving solvent-free or the use of alternative solvents, such as 
water, ionic liquids and polyethylene glycol (PEG), has increased in recent years.7 Despite several 
advantages, the solvent-free methods are restricted to systems where at least one of the reagents is 
liquid at room temperature, whereas the use of ionic liquids, especially imidazolium systems with 
PF6 and BF4 anions, have some drawbacks, such as the high cost and liberation of hazardous HF 
during recycling. Thus, the use of PEG and other alternative non-volatile solvents has been shown 
as an attractive way to cleaner organic synthesis. As a continuation of our studies toward the 
development of new and cleaner methods for the synthesis of alkenyl chalcogenides,8 we report 
herein the results of the hydrochalcogenation of alkynes using NaBH4/PEG-400 (Scheme 1). 
 
Results and Discussion 
 
Phenylacetylene 1a and diphenyl diselenide 2a were selected to establish the best conditions for the 
hydroselenation reaction. The amounts of PEG, NaBH4, the temperature and the use of N2 
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atmosphere were evaluated. The best condition involves stirring a mixture of 1a (1 mmol), 2a (0.5 
mmol) and NaBH4 (1.2 mmol) in PEG (1.0g) at 60 oC and under N2 atmosphere for 30 min, 
affording, selectively, (Z)-β-phenylselenostyrene 3a in 85% yield (Table 1, entry 1). No increase in 
yields was observed using 2 equiv. of acetylene or a larger amount of PEG (2.0g). When the 
reaction was performed at room temperature, the yield of 3a was only 50%. This protocol was 
extended to the reaction of alkynols 1b-d with both diphenyl diselenide 2a and diphenyl ditelluride 
2b (Scheme 1, Table 1). For the propargyl alcohols, a mixture of anti-Markovnikov 3 and 
Markovnikov adducts 4 was obtained in good yields, with predominance of the adduct (Z)-3 
(Scheme 1, Table 1, entries 2-4 and 6-8). It was observed that steric factors are important, because 
both the (3:4) ratio and the reaction time increase with the size of the group R (compare entries 2-4 
and 6-8, Table 1). The formation of a mixture of isomers is described also for the methods which 
use volatile organic solvents.1c,6 However, using this new PEG-based hydrochalcogenation protocol, 
the products are simply extracted with ether (5 × 3 mL) and the PEG-400 is reused without 
significant loss in yields. Besides, the reaction time was significantly reduced compared to the 
classical methods under gently heating (60 oC)6c or under solvent-free conditions, with similar or 
improved yields.8a Thus, for example, under solvent-free conditions, 3c and 4c, were obtained in 
65% yield after 48 hours by hydroselenation of alkynol 1c,8a while using the new PEG-400 
protocol, the same products were obtained in 80% yield after 1.5 h (Table 1, entry 3). 
 

 
Scheme 1 
 

The PEG-400 was reused up to 4 times without additional treatment, resulting in comparable 
yields and selectivity, simply by adding more reagents. Thus, for example, the hydroselenation of 
phenylacetylene 1a was performed using pre-washed PEG-400 (after extraction with ether), giving 
(Z)-3a in 76, 73 and 71% yields, after the second, third and fourth cycles, respectively. 

Because our interest in new uses for glycerin,9 a renewable feed-stock easily available as a co-
product in biodiesel production, we decide also to study the hydroselenation of phenylacetylene 1a 
using this solvent. In contrast to the observed products when PEG-400 was the solvent, the 
formation of a mixture of (E)- and (Z)- 1,2-bis-phenylseleno styrenes 5a and 6a (Table 1, entry 9) 
occurred. The same result was obtained with diphenyl ditelluride 2b, but in lower yield (Table 1, 
entry 10). When the alkynols 1b-d were subjected to the hydrochalcogenation using glycerin alone 
as solvent, no alkenyl selenides were detected in all the tested conditions.  However, when a 1:1 
mixture of glycerin/PEG (1.0g) was used, the formation of alkenyl selenides was observed, 
although in modest yields. Thus, for example, diphenyl diselenide 2a and alkynol 1c reacted in 
presence of NaBH4 to afford the desired products 3c and 4c in 58% yield after stirring for 2 hours. 

A plausible mechanism for the reactions of phenyl acetylene with diphenyl dichalcogenides 
using PEG-400 or glycerin as solvent for formation of mono- and bis-phenylchalcogen alkenes 
respectively, is depicted on Scheme 2.  When PEG-400 is used (path A) the mechanism is similar to 
the reaction using ethanol and the intermediate 7 could be involved in the formation of 3a and 3e.5c 
On the other hand, the formation of bis-phenylchalcogen alkenes 5 and 6 can be attributed probably 
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to the low solubility of the starting reagents in glycerin, which makes the reaction behavior like a 
solvent-free one, with formation of an intermediate analogous to 8 (Scheme 2, path B).8a 

 

 
 
Scheme 2 
 
Table 1. Hydrochalcogenation of alkynes using PEG-400 or glycerin as recyclable solvent 

Entry Alkyne 
1 

Y 
2 

Products 
3 + 4 or 5 + 6 Solvent Time 

(h) 
Yielda

(%) 
Ratiob

3:4 or 5:6 

1 1a
C6H5

 Se C6H5 SeC6H5
3a  

PEG 0.5 85 100 : 0 

2 OH
1b  Se C6H5Se OH

3b
+

OH
4b

SeC6H5

 
PEG 1 50 79 : 21 

3 OH
1c  

Se C6H5Se

3c

+

4cOH OH

SeC6H5

 
PEG 1.5 80 81 : 19 

4 
OH1d  

Se C6H5Se
HO

3d
HO

4d

SeC6H5

+ PEG 2.5 65 86 : 14 

5 1a Te C6H5 TeC6H5
3e  PEG 1.5 83 100 : 0 

6 1b Te C6H5Te OH
3f

+
OH

4f

TeC6H5

 
PEG 1 95 73 : 27 

7 1c Te C6H5Te

3g

+

4gOH OH

TeC6H5

 
PEG 2 70 97 : 03 

8 1d Te C6H5Te
HO

3h
HO

4h

TeC6H5

+ PEG 3 60 94 : 06 

9 1a Se C6H5 SeC6H5
5a

C6H5Se

C6H5

SeC6H5C6H5Se
+

6a

 
Gly 1.0 75 77 : 23 

10 1a Te C6H5 TeC6H5
5b

C6H5Te

C6H5

TeC6H5C6H5Te
+

6b

 
Gly 3 45 82 : 18 

aYields of pure products isolated by column chromatography (hexanes/AcOEt). bDetermined by GC 
of the crude reaction mixture and confirmed after isolation of the individual isomers. 
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Conclusions 
 
In conclusion, we have presented here a new methodology for the addition of nucleophilic species 
of selenium and tellurium to alkynyl alcohols and phenylacetylene, under mild conditions and with 
non-aqueous work-up. This improved, simple, fast and clean protocol uses recyclable PEG-400 or 
glycerin as solvent in addition to affording selectively mono- and bis-organochalcogenium alkenes. 
 
Experimental Section 
 
General Procedures. The 1H and 13C NMR spectra of CDCl3 solutions were recorded with a 200 
MHz or a 400 MHz spectrometer (Bruker DPX), as noted. Chemical shifts are expressed as parts 
per million (ppm) downfield from tetramethylsilane as an internal standard. Low Resolution Mass 
Spectra (LRMS, EI) were obtained at 70 eV with a Hewlett Packard EM/CG HP-5988A 
spectrometer and elemental analyses were performed with a Perkin-Elmer CHN 2400 analyser. 
 
General procedure for the synthesis of alkenyl selenides and tellurides using PEG-400  
To a pre-stirred mixture of alkynes 1 (1 mmol) and diphenyl dichalcogenide 2 (0.5 mmol) in PEG 
(1.0g) under N2 atmosphere, NaBH4 (0.046g; 1.2 mmol) was added at room temperature. Then, the 
temperature was slowly raised to 60 ˚C with stirring. The reaction progress was followed by TLC 
and after the time indicated in Table 1, the reaction mixture was extracted using ether (5 х 3 mL). 
The solvent was evaporated under reduced pressure and the residue was purified by column 
chromatography over silica gel eluting with hexanes or hexanes/ethyl acetate (99:1), yielding the 
products. The PEG was recovered and recycled without affecting the yields of the products. The 
spectral data are in perfect agreement with those reported in the literature and are listed below. 
(Z)-Phenyl(styryl)selane (3a).6a,10a,b light yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 6.77 (d, 
J = 10.2, 1H); 6.97 (d, J = 10.2, 1H); 7.20-7.35 (m, 4H); 7.36-7.40 (m, 4H); 7.54-7.60 (m, 2H); 13C 
NMR (CDCl3, 50 MHz) δ 137.0, 132.5, 131.4, 130.0, 129.2, 128.2, 128.1, 127.4, 127.2, 123.7. MS 
m/z (rel. int.) 260 (M+, 5), 179 (52), 77 (100). 
(Z)-3-(Phenylselanyl)prop-2-en-1-ol (3b).6d light yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 
7.43-7.54 (m, 2H); 7.22-7.27 (m, 3H); 6.58 (dt, J = 9.4 and 1.4 Hz, 1H); 6.19 (dt, J = 9.4 and 6.0 
Hz, 1H); 4.24 (dd, J = 6.0 and 1.0 Hz, 2H); 3.02 (broad s, 1H). 13C NMR (CDCl3, 50 MHz) δ 134.6, 
132.6, 131.9, 129.3, 127.2, 122.9, 61.4. MS m/z (rel. int.) 214 (M+, 46), 158 (89), 78 (100). 2-
(Phenylselanyl)prop-2-en-1-ol (4b): light yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.43-
7.54 (m, 2H); 7.22-7.27 (m, 3H); 5.86 (s, 1H); 5.40 (s, 1H); 4.15 (s, 2H); 3.02 (broad s, 1H). 13C 
NMR (CDCl3, 50 MHz) δ 141.5, 133.9, 129.3, 128.3, 127.9, 118.3, 66.4. MS m/z (rel. int.) 214 (M+, 
49), 158 (31), 78 (100). 
(Z)-3-Methyl-1-(phenylselanyl)pent-1-en-3-ol (3c).8b light yellow oil; 1H NMR (200 MHz, 
CDCl3) δ (ppm) 7.51-7.54 (m, 2H); 7.25-7.28 (m, 3H); 6.47 (d, J = 10.0 Hz, 1H); 5.93 (d, J = 10.0 
Hz, 1H); 2.05 (broad s, 1H); 1.66 (q, J = 7.6 Hz, 2H); 1.36 (s, 3H); 0.96 (t, J = 7.6 Hz, 3H). 13C 
NMR (CDCl3, 50 MHz) δ 135.6, 133.0, 132.5, 129.0, 127.1, 121.4, 75.5, 35.1, 27.3, 8.3. MS m/z 
(rel. int.) 256 (M+, 43), 227 (100), 157 (65), 77 (82). 3-Methyl-2-(phenylselanyl)pent-1-en-3-ol 
(4c):8b light yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.79-7.81 (m, 2H); 7.40-7.43 (m, 3H); 
5.65 (s, 1H); 4.92 (s, 1H); 1.89 (broad s, 1H); 1.78 (q, J = 7.4 Hz, 2H); 1.44 (s, 3H); 0.92 (t, J = 7.4 
Hz, 3H).
 (Z)-1-[2-(Phenylselanyl)vinyl]cyclohexanol (3d). light yellow oil; 1H NMR (200 MHz, CDCl3) δ 
(ppm) 7.52-7.57 (m, 2H); 7.26-7.31 (m, 3H); 6.47 (d, J = 9.8, 1H); 6.04 (d, J = 9.8, 1H); 1.51-1.68 
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(m, 10H); 1.83 (broad s, 1H). 13C NMR (CDCl3, 50 MHz) δ 136.3, 133.0, 132.6, 129.1, 127.2, 
121.2, 73.9, 37.4, 25.3, 22.0. MS m/z (rel. int.) 282 (M+ , 59), 158 (23), 55 (100). Anal. Calcd. for 
C14H18OSe: C, 59.79; H, 6.45. Found: C, 59.85; H, 6.31. 1-[1-(Phenylselanyl)vinyl]cyclohexanol 
(4d):6i light yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.52-7.57 (m, 2H); 7.26-7.31 (m, 3H); 
5.75 (d, J = 1.0, 1H); 4.97 (d, J = 1.0, 1H); 1.51-1.68 (m, 10H); 1.82 (broad s, 1H). MS m/z (rel. 
int.) 282 (M+ , 55), 158 (17), 183 (100).  
(Z)-Phenyl(styryl)tellane(3e).10a-c yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.76-7.81 (m, 
2H); 7.49 (d, J = 10.6, 1H); 7.22-7.45 (m, 8H); 7.10 (d, J = 10.6, 1H). 13C NMR (CDCl3, 50 MHz) δ 
139.0, 138.0, 136.8, 129.4, 128.5, 128.1, 127.5, 127.3, 115.4, 109.3. MS m/z (rel. int.) 309 (M+ -1, 
8), 181 (42), 77 (100). 
 (Z)-3-(Phenyltellanyl)prop-2-en-1-ol (3f).10d yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 
7.69-7.74 (m, 2H); 7.25-7.28 (m, 3H); 7.10 (dt, J = 9.8 and 1.2 Hz, 1H); 6.50 (dt, J = 9.8 and 6.0 
Hz, 1H); 4.62 (dd, J = 5.8 and 1.2 Hz, 2H); 2.01 (broad s, 1H). 13C NMR (CDCl3, 50 MHz) δ 139.0, 
137.5, 137.0, 129.2, 127.6, 107.5, 64.2. MS m/z (rel. int.) 264 (M+, 46), 207 (38), 77 (100). 2-
(Phenyltellanyl)prop-2-en-1-ol (4f): yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.74-7.79 (m, 
2H); 7.25-7.28 (m, 3H); 6.25 (t, J = 1.2 Hz, 1H); 5.68 (t, J = 1.2 Hz, 1H); 4.72 (s, 2H); 2.04 (broad 
s, 1H). 13C NMR (CDCl3, 50 MHz) δ 139.0, 130.0, 129.4, 128.0, 123.5, 112.2, 69.3. MS m/z (rel. 
int.) 264 (M+, 42), 207 (14), 77 (100). 
 (Z)-3-Methyl-1-(phenyltellanyl)pent-1-en-3-ol (3g).8a yellow oil; 1H NMR (200 MHz, CDCl3) δ 
(ppm) 7.74-7.79 (m, 2H); 7.17-7.25 (m, 3H); 6.72 (d, J = 10.0, 1H); 6.37 (d, J = 10.0, 1H); 2.02 
(broad s, 1H); 1.61 (q, J = 7.2, 2H); 1.30 (s, 3H); 0.95 (t, J = 7.2, 3H). 13C NMR (CDCl3, 50 MHz) 
δ 140.5, 140.0, 137.7, 129.0, 127.3, 105.2, 75.6, 34.7, 26.9, 8.0. MS m/z (rel. int.) 306 (M+, 24), 199 
(41), 77 (100). 3-Methyl-2-(phenyltellanyl)pent-1-en-3-ol (4g): yellow oil; 1H NMR (200 MHz, 
CDCl3) δ (ppm) 5.89 (d, J = 1.4, 1H); 5.05 (d, J = 1.4, 1H); (Other peaks were overlapped with 
those of Z-isomer 3g). 
 (Z)-1-[2-(Phenyltellanyl)vinyl]cyclohexanol (3h). yellow oil; 1H NMR (200 MHz, CDCl3) δ 
(ppm) 7.74-7.79 (m, 2H); 7.16-7.28 (m, 3H); 6.69 (d, J = 9.9, 1H); 6.47 (d, J = 9.9, 1H); 1.25-1.67 
(m, 10H); 1.87 (broad s, 1H). 13C NMR (CDCl3, 50 MHz) δ 140.9, 137.8, 129.0, 127.4, 118.8, 
104.9, 74.4, 36.8, 25.2, 21.8. MS m/z (rel. int.) 332 (M+, 31), 207 (15), 55 (100). Anal. Calcd. for 
C14H18OTe: C, 50.97; H, 5.50. Found: C, 50.99; H, 5.31. 1-[1-(Phenyltellanyl)vinyl]cyclohexanol 
(4h):10e yellow oil; 1H NMR (200 MHz, CDCl3) δ (ppm) 7.79-7.81 (m, 2H); 7.28-7.39 (m, 3H); 5.99 
(d, J = 1.4, 1H); 5.06 (d, J = 1.4, 1H); 1.93 (broad s, 1H); 1.25-1.67 (m, 10H). 13C NMR (CDCl3, 50 
MHz) δ 146.0, 140.4, 129.4, 128.2, 117.9, 114.3, 76.2, 37.4, 25.5, 22.0. MS m/z (rel. int.) 332 (M+, 
32), 224 (100), 207 (12). 
 
General procedure for the synthesis of bis-organochalcogen alkenes 5 and 6 using glycerin 
To a pre-stirred mixture of phenyl acetylene 1a (0.102g; 1 mmol) and diphenyl dichalcogenide 2 (1 
mmol) in glycerin (1.0g) under N2 atmosphere, NaBH4 (0.046g; 1.2 mmol) was added at room 
temperature. Then, the temperature was slowly raised to 60 ˚C with stirring. The reaction progress 
was followed by TLC and after the time indicated in Table 1, the reaction mixture was extracted 
and the products purified as described for the PEG procedure. The spectral data are in perfect 
agreement with those reported in the literature and are listed below. 
(E)-1-[1-Phenyl-2-(phenylselanyl)vinylselanyl]benzene (5a).10f,g light yellow solid; 1H NMR (200 
MHz, CDCl3) δ (ppm) 7.36-7.48 (m, 6H); 7.10-7.29 (m, 9H); 7.07 (s, 1H). NMR (CDCl3, 50 MHz) 
δ 139.5, 133.0, 132.1, 131.1, 130.6, 130.4, 129.2, 129.3, 128.6, 128.3, 128.4, 127.4, 127.3, 126.0. 
MS m/z (rel. int.) 416 (M+, 13), 182 (64), 77 (100). (Z)-1-[1-Phenyl-2-(phenylselanyl)vinylselanyl] 
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benzene (6a): 1H NMR (200 MHz, CDCl3) δ (ppm) 7.60 (s, 1H); (other peaks were overlapped with 
those of E-isomer). 
(E)-1-[1-Phenyl-2-(phenyltellanyl)vinyltellanyl]benzene (5b).10h yellow solid; 1H NMR (200 
MHz, CDCl3) δ (ppm) 7.73 (d, J = 6.8, 2H); 7.56 (d, J = 6.8, 2H); 7.37 (s, 1H); 7.17-7.33 (m, 11H). 
13C NMR (CDCl3, 50 MHz) δ 144.6, 139.0, 137.6, 129.6, 129.4, 128.7, 128.3, 128.2, 127.9, 127.6, 
120.9, 116.0, 115.7, 115.0. (Z)-1-[1-Phenyl-2-(phenyltellanyl)vinyltellanyl]benzene (6b): 1H NMR 
(200 MHz, CDCl3) δ (ppm) 8.36 (s, 1H); (other peaks were overlapped with those of E-isomer). 
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