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Several chemical transformations on the side chain of functionalized vinylic tellurides
were performed without affecting the tellurium-carbon bond. The stereochemistry of the
double bond was maintained in some cases (protection and deprotection of alcohols); in other
cases (acetal hydrolysis, oxidation, and reduction) some isomerization of the carbon-carbon
double bond was observed.

Introduction

In spite of the development of the organic chemistry
of tellurium in recent years,1 the problem of the stability
of organic tellurium compounds toward commonly used
reagents for synthetic transformations such as acids,
bases, oxidizing and reducing agents, and organome-
tallics has not been addressed. On the other hand,
several publications dealing with organic derivatives of
tellurium emphazise the lability of the tellurium-
carbon bond toward some reaction conditions.1a In
recent years, we2 and others3 have shown the ap-
plicability of vinylic tellurides as sources of the widely
used vinyllithium and vinylcopper reagents. The trans-
formation of vinylic tellurides into vinyl organometallics
is unique in the sense that (Z)-vinylic derivatives are
obtained, while the known methods to access these
intermediates through transmetalation reactions lead
to the (E)-vinyl organometallics.2g,h In the course of our
recent studies aimed at the application of vinylic tel-
lurides in the synthesis of complex molecules, we faced
the problem of performing transformations on specific
sites of the molecule without affecting the tellurium-
carbon bond. As a more general approach to this
problem we undertook a systematic study of the behav-
ior of functionalized vinylic tellurides toward several
reagents and reaction conditions.

Results

The functionalized vinylic tellurides were prepared
by hydrotelluration of the appropriate alkynes2g,4 and
are shown in Chart 1.
We started our investigation with the hydrolysis of

tetrahydropyran (THP) ethers 1, 3, and 5 to the corre-
sponding alcohols, 8, 2, and 4. The reaction was
performed in ethanol under pyridinium p-toluene-
sulfonate (PPTS) catalysis at 55 °C. The products were
obtained in high yield with retention of stereochemistry
of the double bond (Scheme 1). Compound 8 cannot be
obtained by direct hydrotelluration of propargyl alcohol,
in view of the reaction conditions employed for such a
transformation.2g,4 Protection of the hydroxy group of
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tellurides 2, 4, and 8 as the THP ether was initially
attempted by employing Amberlyst H 155 as the cata-
lyst. However, the formation of a thin layer of telluride
on the surface of the Amberlyst pellets, with their
consequent aggregation, led to low yields (∼40%) of the
protected alcohols. Alternatively, PPTS was used as the
catalyst. Under these conditions high yields of the THP
ethers 1, 3, and 5 were obtained (Scheme 1). In the
deprotection reaction, dibutyl ditelluride was observed
as a byproduct when the reaction temperature was
higher than 55 °C.
Protection of compounds 2, 4, and 8 with tert-bu-

tyldimethylsilyl chloride (TBDMSCl) catalyzed by imi-
dazole gave the protected alcohols in high yield.6
Deprotection of the silyl ethers was achieved by reaction
with CsF in methanol at 55 °C (Scheme 2).
Acetylation of tellurides 2, 4, and 8, was performed

by reaction with acetic anhydride in pyridine at room
temperature.7 The yields were high, and the purifica-
tion of the product was easily accomplished by column
chromatography. Hydrolysis of the acetoxy group was
performed by reaction of the acetates with potassium
carbonate in methanol/water (Scheme 3).
Oxidation of compound 2 to 16 was performed with

MnO2 (20-fold excess) in diethyl ether at room temper-
ature.8 Aldehyde 16was obtained in 53% yield as a 10:1
Z/E mixture at the carbon-carbon double bond of the
vinylic telluride. Alternatively, compound 2 was oxi-
dized with 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-

3-(1H)-one (Dess-Martin periodinane 159 ), leading to
compound 16 in 80% yield. With the Z isomer 2 as the
starting material, compound 16 was obtained as a 5:1
Z/Emixture at the telluride carbon-carbon double bond
(Scheme 4). Oxidation of 2 with pyridinium chlorochro-
mate (PCC) in CH2Cl210 led to a complex mixture of
products. Compound 16 was reduced to 2 with NaBH4
in ethanol at room temperature. With the Z isomer of
16 as the starting material, a 6:4 Z/E mixture of 2 was
obtained (Scheme 4).
Hydrolysis of compound 7 was performed under

different experimental conditions: with p-toluenesulfon-
ic acid (PTSA) in acetone,11 with PPTS in ethanol,12 and
with a suspension of SiO2 in hexane. In all cases,
aldehyde 17 was obtained in good yield as a mixture of
Z and E isomers. The SiO2 method was best, giving a
Z/E ratio of 8:1 (Scheme 5). Compound 17a can be
separated from 17b by chromatography on SiO2.
Recently, the preparation of compound 17 by hydro-

telluration of propargyl aldehyde was described. A
Wittig reaction transformed 17 into a tellurium diene,
which was transmetalated with n-BuLi, and the result-
ing vinylic lithium was reacted with carbonyl com-
pounds.13 In this work we tested the selectivity of
n-BuLi toward aldehyde 17a. The preferential attack
was at the carbonyl group, giving allyl alcohol 18 in 53%
yield with retention of the double-bond stereochemistry
(eq 1).

Acetal 7 was transmetalated with Me2Cu(CN)Li2,2c,g
and the resulting vinylcuprate was reacted with cyclo-
hexenone, giving the 1,4-addition product 19 in 59%
yield after chromatography on SiO2. Alternatively,
compound 7 was transmetalated with n-BuLi and the
vinylic lithium was reacted with benzaldehyde,2a giving
20 in 65% yield (Scheme 6).

(5) A trade name for Aldrich macroreticular resin, suitable for
nonaqueous catalysis.

(6) Corey, E. J.; Venkateswarlu, A. J. Am. Chem. Soc. 1972, 97,
6190.

(7) Zhdanov, R. I.; Zhenodarova, S. M. Synthesis 1975, 222.
(8) Chan, K. C.; Jewell, R. A.; Nutting, W. H.; Rapoport, H. J. Org.

Chem. 1968, 33, 3382.

(9) Dess, D. B.; Martin, J. C. J. Org. Chem. 1983, 48, 4155.
(10) Parish, E. J.; Scott, A. D. J. Org. Chem. 1983, 48, 4766.
(11) Stipanovic, R. D.; Turner, R. B. J. Org. Chem. 1968, 33, 3261.
(12) Myiashita, N.; Yoshikoshi, A.; Grieco, P. A. J. Org. Chem. 1977,

42, 3772.
(13) Mo, X. S.; Huang, Y. Z. Tetrahedron Lett. 1995, 36, 3539.

Scheme 2

Scheme 3

Scheme 4

Scheme 5

(1)

652 Organometallics, Vol. 16, No. 4, 1997 Rahmeier and Comasseto

D
ow

nl
oa

de
d 

by
 C

A
R

L
I 

C
O

N
SO

R
T

IU
M

 o
n 

Ju
ne

 3
0,

 2
00

9
Pu

bl
is

he
d 

on
 F

eb
ru

ar
y 

18
, 1

99
7 

on
 h

ttp
://

pu
bs

.a
cs

.o
rg

 | 
do

i: 
10

.1
02

1/
om

96
03

81
i



Finally, the transmetalation reaction of compound 6
was attempted with n-BuLi and its reduction was
attempted with LiAlH4, leading to undefined products
and dibutyl ditelluride. However, 6 reacted with lower
order organocuprates, leading to the cross-coupling
product in good yields.14

Conclusion

Several common synthetic transformations were per-
formed successfully with functionalized vinylic tel-
lurides, demonstrating that these are useful interme-
diates in multistep syntheses.

Experimental Section

1H (200 MHz) and 13C (50 MHz) NMR spectra were obtained
on a Bruker AC-200 spectrometer in CDCl3 with TMS as the
internal reference. IR spectra were recorded on a Perkin-
Elmer 1600 spectrophotometer. Low-resolution mass spectra
were obtained on a Finnigan 4021 spectrometer or on a
Hewlett-Packard 5988-8/5890 GC/MS spectrometer, both op-
erating at 70 eV. Elemental analyses were performed at the
Microanalytical Laboratory of the Institute of Chemistry-USP.
Column chromatography was carried out with Merck silica gel
(230-400 mesh) according to the procedure by Still and co-
workers.15 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 methods.16
THF was distilled from sodium/benzophenone under N2,
immediately before use. Tellurium (200 mesh) was purchased
from Aldrich. Dibutyl ditelluride,17 (E)-2-penten-4-yn-1-ol,18
and 1,1-diethoxy-2-propyne19 were prepared by literature
procedures. 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 nitrogen.
General Procedure for the Preparation of the Butyl

Vinyl Tellurides.2g To a solution of the dibutyl ditelluride
(1.85 g, 5.0 mmol) and the appropriate acetylene (11.0 mmol)
in absolute ethanol (30 mL) under nitrogen (deoxygenated by
bubbling through a solution of VCl3 (pH 1) with Zn/Hg
amalgam) and magnetic stirring was added NaBH4 (0.48 g,
12.6 mmol) in small portions until the color of the solution
turned from dark red to pale yellow. The mixture was then
refluxed as indicated below. The mixture was cooled to room
temperature and treated with water (4 mL), 10% aqueous
NaOH solution (4 mL), and ethyl acetate (200 mL). The
organic phase was separated and washed with water (2 × 100
mL) and with saturated NaCl solution (2 × 100 mL). The
organic phase was dried over MgSO4, the solvent was evapo-
rated under reduced pressure, and the residue was purified

by flash chromatography on silica gel, with petroleum ether/
ethyl acetate as eluent.
(Z)-3-(Butyltelluro)-2-propenyl tetrahydro-2H-2-pyra-

nyl ether (1): yield 2.54 g (78%); reaction time 5 h; 1H NMR
δ 6.85 (dt, J ) 9.9, 1.3 Hz, 1 H), 6.43 (dt, J ) 9.9, 5.5 Hz, 1 H),
4.69-4.64 (m, 1 H), 4.01 (dd, J ) 5.7, 1.3 Hz, 2 H), 3.56-3.53
(m, 2 H), 2.63 (t, J ) 7.6 Hz, 2 H), 1.86-1.50 (m, 8 H), 1.43
(sext, J ) 7.1 Hz, 2 H), 0.90 (t, J ) 7.2 Hz, 3 H); 13C NMR δ
134.68, 124.10, 122.32, 105.68, 98.03, 97.25, 73.69, 68.53,
61.91, 34.04, 30.42, 25.12, 19.17, 13.34, 6.97; LRMS m/z
(relative intensity) 328 (13), 326 (12), 244 (39), 242 (31), 240
(18), 187 (12), 185 (13), 170 (13), 168 (12), 85 (100), 67 (21), 57
(77), 55 (33); IR (KBr, film; cm-1) 2953, 2871, 1184, 1133, 1120,
1079, 1026. Anal. Calcd for C12H22O2Te: C, 44.23; H, 6.80.
Found: C, 44.59; H, 6.65.
(2E,4Z)-5-(Butyltelluro)-2,4-pentadien-1-ol (2): yield 2.10

g (78%); reaction time 5 h; 1H NMR δ 6.73 (ABC system, J )
10.8, 9.5 Hz, 2 H), 6.17 (dd, J ) 15.5, 6.7 Hz, 1H), 5.88 (dt, J
) 15.5, 5.7 Hz, 1 H), 4.15 (d, J ) 5.6 Hz, 2 H), 2.70 (t, J ) 7.2
Hz, 2 H), 2.32 (s, 1H), 1.74 (quart, J ) 7.2 Hz, 2H), 1.40 (sext,
J ) 7.2 Hz, 2 H), 0.85 (t, J ) 7.3 Hz, 3 H); 13C NMR δ 136.70,
133.97, 131.62, 106.14, 62.99, 33.97, 24.77, 13.26, 6.93; LRMS
m/z (relative intensity) 268 (24), 213 (33), 183 (100), 181 (90),
83 (67), 55 (44); IR (KBr, film; cm-1) 3346, 2957. Anal. Calcd
for C9H16OTe: C, 40.36; H, 6.02. Found: C, 40.62; H, 5.96.
(2E,4Z)-5-(Butyltelluro)-2,4-pentadienyl tetrahydro-

2H-2-pyranyl ether (3):2g yield 2.64 g (75%); reaction time 5
h; 1H NMR δ 6.84-6.70 (m, 2 H), 6.23 (ddt, J )15.0, 8.9, 1.3
Hz, 1 H), 5.86 (dt, J ) 15.1, 6.0 Hz, 1 H), 4.66 (t, J ) 3.1 Hz,
1 H), 4.29 (ddd, J ) 13.2, 5.6, 1.4 Hz, 1 H), 4.05 (ddd, J )
13.2, 6.5, 1.3 Hz, 1 H), 3.93-3.82 (m, 1 H), 3.56-3.46 (m, 1
H), 2.71 (t, J ) 7.5 Hz, 2 H), 1.85-1.30 (m, 10 H), 0.92 (t, J )
7.5 Hz, 3 H); 13C NMR δ 136.93, 133.08, 131.39, 106.07, 97.86,
67.19, 62.10, 34.06, 30.55, 25.39, 24.86, 19.35, 13.34, 6.91;
LRMSm/z (relative intensity) 354 (20), 352 (18), 350 (12), 195
(42), 193 (38), 191 (23), 86 (10), 85 (100), 67 (55), 66 (50), 65
(20), 57 (55), 55 (35); IR (KBr, film; cm-1) 2953, 2932, 2870,
1076, 1023. Anal. Calcd for C14H24O2Te: C, 47.78; H, 6.87.
Found: C, 48.02; H, 6.71.
(Z)-2-(Butyltelluro)-2-hexen-4-yne-1,6-diol (4):2d yield

2.18 g (74%); reaction time 2.5 h; 1H NMR δ 6.39 (t, J ) 1.7
Hz, 1 H), 4.43 (d, J ) 1.7 Hz, 2 H), 4.30 (s, 2 H), 2.87 (t, J )
7.5 Hz, 2 H), 2.80 (s, 2 H), 1.76 (quint, J ) 7.5 Hz, 2 H), 1.39
(sext, J ) 7.7 Hz, 2 H), 0.92 (t, J ) 7.3 Hz, 3 H); 13C NMR δ
134.77, 114.46, 94.13, 84.94, 68.76, 51.49, 34.16, 25.04, 24.99,
13.37, 5.59; LRMSm/z (relative intensity) 298 (100), 296 (83),
294 (72), 224 (40), 222 (41), 194 (29), 145 (5), 149 (19), 94 (62),
81 (17), 77 (27), 6 (41); IR (KBr, film; cm-1) 3379, 2948, 2916,
2850, 1461, 1447, 1430, 1414, 1380, 1360, 1015, 993, 965, 814.
Anal. Calcd for C10H16O2Te: C, 40.60; H, 5.45. Found: C,
40.81; H, 5.34.
(Z)-2-(Butyltelluro)-1,6-bis((tetrahydro-2H-2-pyranyl)-

oxy)-2-hexen-4-yne (5): yield 3.57 g (77%); reaction time 2
h; 1H NMR δ 6.38 (t, J ) 1.4 Hz, 1 H), 4.92 (t, J ) 3.3 Hz, 1
H), 4.67 (t, J ) 3.3 Hz, 1 H), 4.44 (s, 2 H), 4.32-4.11 (m, 2 H),
3.90-3.80 (m, 2 H), 3.59-3.45 (m, 2 H), 2.90 (t, J ) 7.4 Hz, 2
H), 1.88-1.25 (m, 16 H), 0.92 (t, J ) 7.4 Hz, 3 H); 13C NMR δ
131.24, 115.15, 96.92, 96.31, 94.29, 91.68, 84.95, 71.96, 63.07,
62.60, 61.88, 54.38, 33.98, 30.24, 25.18, 24.85, 19.50, 18.97,
13.20, 5.14; LRMS m/z (relative intensity) 466 (13), 464 (14),
309 (26), 307 (25), 305 (16), 225 (18), 223 (21), 221 (15), 209
(14), 179 (21), 101 (42), 85 (100), 77 (40), 65 (24), 57 (41) 55
(38); IR (KBr, film; cm-1) 2942, 2871, 2852, 1343, 1202, 1183,

(14) Chieffi, A.; Comasseto, J. V. Synlett 1995, 671. See also: Ogawa,
A.; Tsuboi, Y.; Obayashi, Rl.; Yokohama, K.; Ryu, I.; Sonoda, N. J.
Org. Chem. 1994, 59, 1600.

(15) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923.
(16) Perrin, D. D.; Armarego, W. L. F.; Perrin, D. R. Purification of

Laboratory Chemicals; Pergamon Press: Oxford, U.K., 1966.
(17) Engman, L.; Cava, M. P. Synth. Commun. 1982, 12, 163.
(18) Brandsma, L. Preparative Acetylenic Chemistry, 2nd ed.; Else-

vier Science: Amsterdam, 1988.
(19) Sheenan, J.; Robinson, C. A. J. Am. Chem. Soc. 1949, 71, 1436.
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1120. Anal. Calcd for C20H32O4Te: C, 51.76; H, 6.95.
Found: C, 52.06; H, 6.80.
Ethyl (Z)-3-(butyltelluro)-2-propenoate (6): yield 2.06

g (76%); reaction time 1 h; 1H NMR δ 8.43 (d, J ) 9.6 Hz, 1
H), 6.90 (d, J ) 9.6 Hz, 1 H), 4.23 (quart, J ) 7.1 Hz, 2 H),
2.58 (t, J ) 7.6 Hz, 2 H), 1.81 (quint, J ) 7.6 Hz, 2 H), 1.39-
1.26 (m, 5 H), 0.93 (t, J ) 7.3 Hz, 3 H); 13C NMR δ 168.37,
136.12, 123.03, 60.42, 33.87, 24.83, 14.17, 13.20, 7.29; LRMS
m/z (relative intensity) 286 (61), 284 (57), 282 (36), 281 (16),
241 (18), 239 (13), 229 (100), 227 (90), 225 (57), 201 (95), 199
(84), 184 (26), 182 (21), 145 (11), 130 (11), 71 (74), 57 (97), 55
(91); IR (KBr, film; cm-1) 2959, 2927, 1720, 1205, 1145. Anal.
Calcd for C9H16O2Te: C, 38.08; H, 5.68. Found: C, 37.92; H,
5.72.
(Z)-1-(Butyltelluro)-3,3-diethoxy-1-propene (7): yield

2.51 g (80%); reaction time 13 h; 1H NMR δ 7.03 (dd, J ) 10.3,
1.5 Hz, 1 H), 6.36 (dd, J ) 10.3, 3.7 Hz, 1 H), 4.98 (dd, J1 )
3.7, 1.5 Hz, 1 H), 3.64-3.51 (m, 4 H), 2.57 (t, J ) 7.4 Hz, 2 H),
1.77 (quint, J ) 7.6 Hz, 2 H), 1.38 (sext, J ) 7.6 Hz, 2 H), 1.23
(t, J ) 7.1 Hz, 6 H), 0.91 (t, J ) 7.2 Hz, 3 H); 13C NMR δ
134.29, 109.32, 101.08, 60.26, 34.05, 24.95, 15.32, 13.35, 7.16;
LRMS m/z (relative intensity) 316 (5), 314 (5), 269 (10), 185
(14), 183 (12), 129 (22), 103 (12), 101 (13), 85 (13), 75 (21), 73
(28), 71 (34), 64 (16), 57 (100), 55 (78); IR (KBr, film; cm-1)
2974, 2927, 2873, 1458, 1443, 1336, 1164, 1121, 1054, 1005.
Anal. Calcd for C11H22O2Te: C, 42.09; H, 7.06. Found: C,
42.27; H, 7.04.
General Procedure for the Deprotection of the THP

Ethers. The vinylic telluride (1, 3, or 5; 2.0 mmol) and PPTS
(0.05 g, 0.25 equiv) in ethanol (20 mL) under nitrogen were
heated at 55 °C for the time indicated below. Then the mixture
was diluted with ethyl acetate (30 mL) and washed with a
saturated NaCl solution (20 mL). The organic phase was dried
with MgSO4, the solvent was evaporated, and the products
were distilled in a Kugelrohr apparatus.
(Z)-3-(Butyltelluro)-2-propen-1-ol (8): yield 0.41 g (84%);

reaction time 2.3 h; 1H NMR δ 6.81 (dt, J ) 9.8, 1.2 Hz, 1 H),
6.43 (dt, J ) 9.7, 5.5 Hz, 1 H), 4.23 (d, J ) 5.4 Hz, 2 H), 3.00
(s, 1 H), 2.66 (t, J ) 7.4 Hz, 2 H), 2.18 (m, 1 H), 1.78 (quint, J
) 7.5 Hz, 2 H), 1.39 (sext, J ) 7.6 Hz, 2 H), 0.92 (t, J ) 7.2
Hz, 3 H); 13C NMR δ 136.17, 103.13, 63.48, 32.74, 23.61, 12.08,
5.91; LRMS m/z (relative intensity) 372 (5), 370 (5), 270 (22),
268 (19), 266 (12), 249 (18), 213 (21), 211 (20), 251 (10), 213
(20), 181 (28), 179 (21), 81 (99), 66 (26), 57 (56), 53 (100); IR
(KBr, film; cm-1) 3308, 3078, 3011, 2957, 2926, 2870, 1293,
1247, 1182, 1103, 1040. Anal. Calcd for C7H14OTe: C, 34.77;
H, 5.84. Found: C, 34.97; H, 5.67. 2: yield 0.45 g (85%);
reaction time 5.5 h. 4: yield 0.47 g (80%); reaction time 2.3
h. The analytical data for compounds 2 and 4 obtained by
this method agree with those of the same compounds obtained
by hydrotelluration of the appropriate acetylenes.
General Procedure for the Tetrahydropyranylation

Reaction. The vinylic telluride (2, 4, or 8, 1 mmol) and
pyridinium p-toluenesulfonate (PPTS; 0.025 g, 0.1 equiv) in
dry CH2Cl2 (10 mL) were stirred at room temperature for 10
h; then the mixture was diluted with ethyl acetate (15 mL)
and washed with a saturated NaCl solution (15 mL). The
organic phase was dried over MgSO4, the solvents were
evaporated, and the residue was chromatographed on silica
gel with hexane/ethyl acetate (9:1) as eluent. 1: yield 0.21 g
(65%). 3: yield 0.32 g (90%). 5: yield 0.38 g (82%). The
analytical data for compounds 1, 3, and 5 obtained by this
method agree with those of the same compounds prepared by
hydrotelluration of the corresponding acetylenes.
General Procedure for the Silylation Reaction. To a

solution of tert-butyldimethylsilyl chloride (TBDMSCl; 0.1 g,
1.2 equiv) and imidazole (0.85 g, 2.5 equiv) in DMF (2 mL/g of
the telluride) was added the vinylic telluride (2, 4, and 8; 2.0
mmol). After 3 h of stirring the mixture was diluted with ethyl
acetate (15 mL) and washed with ice-water. The organic
phase was dried over MgSO4, the solvent was evaporated, and

the residue was chromatographed on silica gel with hexane/
ethyl acetate (9.5:0.5) as eluent.
(2E,4Z)-5-(Butyltelluro)-2,4-pentadienyl tert-butyldi-

methylsilyl ether (9): yield 0.74 g (97%); reaction time 1.5
h; 1H NMR δ 6.76-6.74 (m, 2 H), 6.24-6.20 (m, 1 H), 5.85 (dt,
J ) 14.9, 4.8 Hz, 1 H), 4.24 (dd, J ) 4.8, 1.6 Hz, 2 H), 2.72 (t,
J ) 7.4 Hz, 2 H), 1.78 (quint, J ) 7.5 Hz, 2 H), 1.39 (sext, J )
7.5 Hz, 2 H), 0.95-0.88 (m, 12 H), 0.09 (s, 6 H); 13C NMR δ
136.98, 134.53, 130.31, 104.95, 63.25, 34.05, 25.88, 24.84,
18.28, 13.33, 6.68, 5.25; LRMSm/z (relative intensity) 386 (1),
385 (5), 384 (20), 382 (18), 380 (11), 327 (20), 325 (18), 323
(11), 197 (27), 187 (10), 145 (18), 139 (41), 115 (23), 89 (72), 73
(100), 67 (22), 66 (48), 57 (55); IR (KBr, film; cm-1) 2956, 2928,
2884, 2856, 1254, 1131, 1082, 1043. Anal. Calcd for C15H30-
OSiTe: C, 47.15; H, 7.91. Found: C, 46.91; H, 7.66.
(Z)-2-(Butyltelluro)-1,6-bis(tert-butyldimethylsiloxy)-

2-hexen-4-yne (10): yield 0.94 g (90%); reaction time 5 h; 1H
NMR δ 6.40 (t, J ) 1.93 Hz, 1 H), 4.48 (d, J ) 1.7 Hz, 2 H),
4.31 (d, J ) 1.8 Hz, 2 H), 2.84 (t, J ) 7.4 Hz, 2 H), 1.74 (quint,
J ) 7.3 Hz, 2 H), 1.36 (sext, J ) 7.4 Hz), 0.93-0.82 (m, 21 H),
0.12 (s, 6H), 0.06 (s, 6 H); 13C NMR δ 132.87, 113.90, 93.95,
84.28, 69.62, 52.32, 34.27, 25.83, 25.06, 18.31, 13.39, 5.08,
-5.04, -5.31; LRMSm/z (relative intensity) 469 (30), 467 (29),
465 (44), 411 (12), 282 (17), 225 (34), 282 (17), 225 (34), 151
(11), 147 (51), 133 (16), 89 (17), 73 (100), 57 (38); IR (KBr, film;
cm-1) 2956, 2931, 2891, 2858, 1255, 1113, 1004. Anal. Calcd
for C22H44O2Si2Te: C, 50.39; H, 8.46. Found: C, 50.59; H, 8.37.
(Z)-3-(Butyltelluro)-2-propenyl tert-butyldimethylsilyl

ether (11): yield 0.70 g (98%); reaction time 2 h; 1H NMR δ
6.69 (dt, J ) 9.9, 1.5 Hz, 1 H), 6.34 (dt, J ) 9.8, 4.9 Hz, 1 H),
4.16 (dd, J ) 4.9, 1.4 Hz, 2 H), 2.60 (t, J ) 7.6 Hz, 2 H), 1.75
(quint, J ) 7.5 Hz, 2 H), 1.37 (sext, J ) 7.8 Hz, 2 H), 0.91 (s,
9 H), 0.90 (t, J ) 7.8 Hz, 3 H), 0.10 (s, 6 H); 13C NMR δ 137.69,
102.53, 65.56, 33.69, 26.02, 25.88, 24.95, 18.40, 13.38, 7.12,
5.98, -5.09, -5.24; LRMSm/z (relative intensity) 358 (6), 354
(4), 241 (4), 189 (11), 171 (77), 169 (21), 167 (13), 115 (34), 99
(22), 75 (40), 73 (100), 59 (14), 57 (30), 55 (15); IR (KBr, film;
cm-1) 2956, 2929, 2885, 2856, 1253, 1088. Anal. Calcd for
C13H28OSiTe: C, 43.85; H, 7.93. Found: C, 44.02; H, 7.48.
General Procedure for the Desilylation Reaction. The

tellurides 9, 10, and 11 (2 mmol) and CsF (0.453 g, 3 mmol)
in dry methanol (20 mL) were heated at 55 °C for 24 h; then
water (10 mL) was added, the mixture was diluted with ethyl
acetate (30 mL), and the organic phase was washed with
saturated NaCl solution (2 × 20 mL), dried with MgSO4, and
evaporated. The residue was chromatographed on SiO2, with
hexane/ethyl acetate (9:1) as eluent. 2: yield 0.51 g (95%). 4:
yield 0.50 g (85%). 8: yield 0.40 g (82%). The analytical data
for compounds 2 and 4 obtained by this method agree with
those of the same compounds prepared by hydrotelluration of
the corresponding acetylenes, and compound 8 presented
analytical data identical with those of the same compound
obtained by deprotection of 1.
General Procedure for the Acetylation Reaction. The

vinylic tellurides 2, 4, and 9 (2 mmol) and acetic anhydride (4
mmol) in anhydrous pyridine (10 mL) were stirred at room
temperature for the time indicated below; then the mixture
was diluted with ethyl acetate (20 mL) and washed with
saturated NaCl solution (2 × 20 mL). The organic phase was
dried over MgSO4 and evaporated. The residue was purified
by column chromatography on SiO2, with hexane/ethyl acetate
(9.5:0.5) as eluent.
(2E,4Z)-5-(Butyltelluro)-2,4-pentadienyl acetate (12):

yield 0.56 g (91%); reaction time 45 min; 1H NMR δ 6.90 (d, J
) 9.7 Hz, 1 H), 6.74 (t, J ) 9.8 Hz, 1 H), 6.27 (dd, J ) 14.9,
9.7 Hz, 1 H), 5.84 (dt, J ) 15.0, 6.4 Hz, 1H), 4.54 (d, J ) 6.3
Hz, 2 H), 2.75 (t, J ) 7.4 Hz, 2 H), 2.00 (s, 3 H), 1.71 (quint,
J ) 7.4 Hz, 2 H), 1.32 (sext, J ) 7.4 Hz, 2 H), 0.84 (t, J ) 7.4
Hz, 3 H); 13C NMR δ 170.49, 136.26, 134.52, 128.16, 107.85,
64.46, 33.97, 24.76, 20.80, 13.27, 7.06; LRMS m/z (relative
intensity) 256 (2), 255 (2), 253 (3), 213 (5), 195 (100), 193 (84),
187 (11), 183 (5), 130 (4), 83 (5), 66 (20), 57 (9); IR (KBr, film;
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cm-1) 2958, 2928, 1742, 1457, 1378, 1360, 1326, 1228, 1024,
969. Anal. Calcd for C11H18O2Te: C, 42.64; H, 5.86. Found:
C, 42.84; H, 5.97.
(Z)-2-(Butyltelluro)-6-((methylcarbonyl)oxy)-2-hexen-

4-ynyl acetate (13): yield 0.68 g (90%); reaction time 2 h; 1H
NMR δ 6.32 (m, 1 H), 4.85 (d, J ) 1.9 Hz, 2 H), 4.77 (d, J )
1.2 Hz, 2 H), 2.88 (t, J ) 7.6 Hz, 2 H), 2.10 (s, 3 H), 1.78 (quint,
J ) 7.7 Hz, 2 H), 1.40 (sext, J ) 7.5 Hz, 2 H), 0.93 (t, J ) 7.3
Hz, 3 H); 13C NMR δ 169.96, 128.87, 116.50, 90.39, 85.33,
69.28, 67.34, 52.69, 34.03, 24.98, 20.77, 13.32, 5.98; LRMSm/z
(relative intensity) 382 (15), 380 (14), 283 (12), 281 (12), 224
(14), 195 (21), 153 (17), 135 (18), 111 (100), 94 (49), 93 (19), 77
(29), 65 (24), 57 (29), 55 (24), 51 (18); IR (KBr, film; cm-1) 2958,
2932, 1746, 1220, 1027. Anal. Calcd for C14H20O4Te: C, 44.26;
H, 5.31. Found: C, 44.04; H, 4.98.
(Z)-3-(Butyltelluro)-2-propenyl acetate (14): yield 0.51

g (90%); reaction time 12 h; 1H NMR δ 6.98 (dt, J ) 9.9, 1.1
Hz, 1 H), 6.37 (dt, J ) 9.9, 5.9 Hz, 1 H), 4.56 (dd, J ) 5.9, 1.1
Hz, 2 H), 2.70 (t, J ) 7.6 Hz, 2 H), 2.08 (s, 3 H), 1.78 (quint,
J ) 7.3 Hz, 2 H), 1.39 (sext, J ) 7.2 Hz, 2 H), 0.92 (t, J ) 7.2
Hz, 3 H); 13C NMR δ 170.43, 132.92, 125.46, 107.97, 70.84,
66.08, 33.92, 24.76, 20.71, 13.25, 7.22; LRMS m/z (relative
intensity) 286 (10), 284 (10), 282 (5), 170 (16), 168 (16), 130
(4), 57 (28), 43 (100), 41 (27), 39 (16); IR (KBr, film; cm-1) 2958,
2929, 2872, 1742, 1229, 1029. Anal. Calcd for C9H16O2Te: C,
38.09; H, 5.68. Found: C, 38.30; H, 5.59.
General Procedure for the Deacetylation Reaction.

The vinylic tellurides 12, 13, and 14 (2 mmol) and K2CO3

(0.440 g, 3.2 mmol) in methanol (40 mL) and water (13 mL)
were stirred for the time indicated below at room temperature.
Then the mixture was diluted with ethyl acetate (20 mL) and
washed with saturated NaCl solution (2 × 20 mL). The
organic phase was dried over MgSO4, and the solvent was
evaporated. The residue was chromatographed on SiO2, with
hexane/ethyl acetate (9:1) as eluent. 2: yield 0.51 g (95%);
reaction time 2 h. 4: yield 0.53 g (90%); reaction time 1 h. 8:
yield 0.45 g (93%); reaction time 40 min. The analytical data
agree with those of the same compounds obtained by desilyl-
ation of 9, 10, and 11, respectively.
Oxidation of Compound 2 with the Periodinane 15.9

The vinylic telluride 2 (1.34 g, 5 mmol) and the periodinane
15 (2.55 g, 6 mmol) in CH2Cl2 (10 mL) were stirred at room
temperature for 30 min. Then the mixture was diluted with
diethyl ether (20 mL) and poured into a saturated NaHCO3
solution (20 mL) containing 1.0 g of Na2S2O3. The mixture
was stirred for 10 min; the organic phase was washed with a
saturated solution of NaHCO3 (20 mL) and then with water.
After drying with MgSO4 and evaporation of the solvent the
residue was chromatographed on SiO2, with hexane/ethyl
acetate (6:1) as eluent.
(2E,4Z)-5-(Butyltelluro)-2,4-pentadienal (16a): yield 0.79

g (60%); 1H NMR (360 MHz) δ 9.60 (d, J ) 8.0 Hz, 1 H), 7.70
(d, J ) 8.8 Hz, 1 H), 7.03 (m, 2 H), 6.20 (m, 1 H), 2.83 (t, J )
7.5 Hz, 2 H), 1.82 (quint, J ) 7.5 Hz, 2 H), 1.41 (sext, J ) 7.4
Hz, 2 H), 0.92 (t, J ) 7.4 Hz, 3 H); 13C NMR (90 MHz) δ 193.88,
150.93, 134.92, 132.05, 123.74, 34.27, 25.07, 13.59, 8.92; LRMS
m/z (relative intensity) 268 (4.3), 183 (10.9), 84 (24.3), 81 (100),
53 (33.7), 49 (13.5), 41 (17.2); IR (KBr, film; cm-1) 2957, 2926,
1676, 1608, 1322, 1246, 665; exact mass calcd for C9H14OTe
(16a) 268.0107, found 268.0095.
(2E,4E)-5-(Butyltelluro)-2,4-pentadienal (16b): yield 0.27

g (20%); 1H NMR (360 MHz) δ 9.54 (d, J ) 8.0 Hz, 1 H), 7.81
(d, J ) 16.0 Hz, 1 H), 7.03 (dd, J ) 15.0, 10.8 Hz, 1 H), 6.85
(dd, J ) 16.0, 10.8 Hz, 1 H), 5.96 (dd, J ) 15.0, 7.8 Hz, 1 H),
2.87 (t, J ) 7.5 Hz, 2 H), 1.83 (quint, J )7.5 Hz, 2 H), 1.43
(sext, J ) 7.4 Hz, 2 H), 0.94 (t, J ) 7.4 Hz, 3 H); 13C NMR (90
MHz) δ 194.08, 151.58, 137.06, 128.01, 122.23, 33.79, 25.23,
13.60, 8.02; LRMSm/z (relative intensity) 268 (10.3), 183 (9.4),
82 (13.5), 81 (100), 53 (36.3), 41 (18.8); IR (KBr, film; cm-1)
2957, 2868, 1672, 1602, 1170, 1120, 979, 849; exact mass calcd
for C9H14OTe (16b) 268.0107, found 268.0110.

Reaction of Compound 16 with Sodium Borohydride.
To a solution of telluride 16 (0.26 g, 1.0 mmol) in ethanol (10
mL) was added dropwise a solution of NaBH4 (0.057 g, 1.5
mmol) in ethanol (2 mL). After 1 h at room temperature the
mixture was treated with a saturated solution of NH4Cl and
extracted with ethyl acetate (2 × 20 mL). The organic phase
was dried with MgSO4, and the solvent was evaporated. The
residue was chromatographed on SiO2, with hexane/ethyl
acetate (9:1) as eluent. 2: yield 0.20 g (75%).
Hydrolysis of Compound 7 with SiO2. The telluride 7

(0.63 g, 2.0 mmol) was added to a slurry of SiO2 (2.5 g/mmol
of 7) in hexane (7 mL/mmol of 7). The mixture was stirred
for 4 h at room temperature and filtered, and the residue was
washed with ethyl acetate (20 mL). The solvents were
evaporated, giving a mixture of Z and E isomers, which were
separated by silica gel column chromatography with hexane/
ethyl acetate (9:1) as eluent.
(Z)-3-(Butyltelluro)-2-propenal (17a): yield 0.35 g (73%);

1H NMR δ 9.98 (s, 1 H), 9.03 (d, J ) 9.2 Hz, 1 H), 7.62 (d, J )
9.2 Hz, 1 H), 2.57 (t, J ) 7.7 Hz, 2 H), 1.81 (quint, J ) 7.6 Hz,
2 H), 1.41 (sext, J ) 7.6 Hz, 2 H), 0.93 (t, J ) 7.2 Hz, 3 H); 13C
NMR δ 189.26, 142.04, 128.78, 33.64, 24.92, 13.37, 11.50;
LRMSm/z (relative intensity) 242 (27), 240 (25), 238 (16), 185
(91), 183 (90), 181 (58), 180 (23), 157 (9), 131 (16), 130 (15),
129 (15), 57 (30), 55 (100); IR (KBr, film; cm-1) 2958, 2923,
1692. Anal. Calcd for C7H12OTe: C, 35.07; H, 5.04. Found:
C, 35.38; H, 5.01.
(E)-3-(Butyltelluro)-2-propenal (17b): yield 0.08 g (18%);

1H NMR δ 9.40 (d, J ) 7.5 Hz, 1 H), 8.71 (d, J ) 16.5 Hz, 1H),
6.70 (dd, J ) 16.5, 7.5 Hz, 1 H), 2.90 (t, J ) 7.6 Hz, 2 H), 1.85
(quint, J ) 7.5 Hz, 2 H), 1.43 (sext, J ) 7.6 Hz, 2 H), 0.95 (t,
J ) 7.2 Hz, 3 H); 13C NMR δ 190.00, 139.29, 138.57, 33.05,
24.88, 13.22, 8.64; LRMSm/z (relative intensity)m/z 242 (32),
240 (30), 238 (19), 185 (69), 183 (67), 181 (43), 180 (18), 155
(9), 131 (15), 130 (18), 126 (13), 57 (55), 55 (100); IR (KBr, film;
cm-1) 2958, 1673. Anal. Calcd for C7H12OTe: C, 35.07; H,
5.04. Found: C, 35.37; H, 5.05.
Hydrolysis of Compound 7 with p-Toluenesulfonic

Acid (PTSA). The telluride 7 (1.88 g, 6 mmol) was added
dropwise to a solution of PTSA monohydrate (0.23 g, 1.19
mmol) in acetone (10 mL). After 30 min at room temperature
the mixture was treated with 10% NaHCO3 solution (20 mL)
and extracted with ethyl acetate (2 × 20 mL). The organic
phase was dried over MgSO4, the solvent was evaporated, and
the residue was chromatographed on silica gel, with hexane/
ethyl acetate (9.5:0.5) as eluent. 17a: yield 1.00 g (70%).
17b: yield 0.23 g (16%). The analytical data agree with those
of the same compound obtained in the preceeding experiment.
Hydrolysis of Compound 7 with Pyridinium p-Tolu-

enesulfonate (PPTS). The telluride 7 (0.63 g, 2.0 mmol) was
added dropwise to a solution of PPTS (0.13 g, 0.52 mmol) in
ethanol (30 mL). After 4 h at room temperature the mixture
was diluted with ethyl acetate (30 mL) and washed with a
saturated solution of NaCl (20 mL). The organic phase was
dried with MgSO4, the solvents were evaporated, and the
residue was chromatographed on silica gel, with hexane/ethyl
acetate (9:1) as eluent. 17a: yield 0.30 g (63%). 17b: yield:
0.10 g (20%).
Reaction of Compound 17a with n-Butyllithium. n-

Butyllithium (0.91 mL, 2.0 mmol of a 2.2 M solution in hexane)
was added to 17a (0.48 g, 2 mmol) in THF at -78 °C. After
20 min at room temperature the mixture was treated with
saturated NH4Cl solution (20 mL) and extracted with ethyl
acetate (2 × 20 mL). The organic phase was dried with
MgSO4, and the solvents were evaporated. The residue was
chromatographed on silica gel, with hexane/ethyl acetate (9:
1) as eluent.
(Z)-1-(Butyltelluro)-1-hepten-3-ol (18): yield 0.32 g (53%);

1H NMR δ 6.75 (dd, J ) 9.7, 1.02 Hz, 1 H), 6.26 (dd, J ) 9.7,
6.9 Hz, 1 H), 4.18-4.10 (m, 1 H), 2.65 (t, J ) 7.65 Hz, 3 H),
1.80-1.25 (m, 10 H), 0.95-0.88 (m, 6 H); 13C NMR δ 140.96,
104.33, 74.46, 36.21, 34.07, 27.32, 24.94, 22.63, 13.99, 13.37,
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7.17; LRMSm/z (relative intensity) 300 (31), 299 (11), 298 (25),
283 (4), 243 (8), 225 (5), 185 (10), 128 (4), 114 (13), 95 (34), 85
(8), 67 (21), 58 (50), 57 (100); IR (KBr, film; cm-1) 3338, 2957,
1464. Anal. Calcd for C11H22OTe: C, 44.35; H, 7.44. Found:
C, 45.68; H, 7.46.
Reaction of Compound 7 with Dilithium Dimethylcy-

anocuprate and Capture with Cyclohexenone. Methyl-
lithium (3.64 mL of a 1.10 M solution in diethyl ether, 4.0
mmol) was added to a suspension of CuCN (0.18 g, 2.0 mmol)
in THF (5 mL) under nitrogen at -78 °C. The colorless
solution was stirred for 30 min at -78 °C and then heated to
room temperature. A solution of the vinylic telluride 7 (0.63
g, 2 mmol) in THF (3 mL) was added, and the mixture was
stirred at room temperature for 1 h. To this solution, cooled
to -78 °C, was added cyclohexenone (0.20 g, 2.1 mmol) via
syringe. The cooling bath was removed, and the mixture was
then stirred for 20 min at room temperature, treated with a
mixture of saturated solutions of NH4Cl and NH4OH (4:1), and
extracted with ethyl acetate (30 mL). The organic phase was
separated, washed with a saturated solution of NaCl (2 × 50
mL), and dried with MgSO4. The solvents were evaporated,
and the residue was chromatographed on a silica gel column,
first with hexane as eluent to remove the diorgano telluride
and then with a mixture of hexane/ethyl acetate (5:1).
3-((Z)-3,3-Diethoxy-1-propenyl)-1-cyclohexanone (19):

yield 0.27 g (59%); 1H NMR δ 5.48 (m, 2 H), 5.07 (d, J ) 5.07
Hz, 1 H), 3.67-3.44 (m, 4 H), 2.80-2.70 (m, 1 H), 2.0-2.4 (m,
5 H), 1.40-1.90 (m, 3 H), 1.20 (t, J ) 6.9 Hz, 6 H); 13C NMR
δ 210.11, 136.56, 127.22, 97.30, 60.10, 47.26, 40.89, 37.82,
31.20, 24.96, 15.09; LRMS m/z (relative intensity) 225 (0.06),
181 (14), 180 (90), 151 (14), 135 (10), 124 (37), 123 (32), 106
(31), 105 (17), 96 (41), 95 (100), 91 (30), 67 (77), 57 (15), 55
(76); IR (KBr, film; cm-1) 2974, 2932, 2873, 1713, 1121, 1054.
Anal. Calcd for C13H22O3: C, 68.99; H, 9.80. Found: C, 68.80;
H, 9.69.

Transmetalation of Compound 7 with n-Butyllithium
and Capture with Benzaldehyde. n-Butyllithium (0.91
mL, 2.0 mmol of a 2.2 M solution in hexane) was added to the
vinylic telluride 7 (0.63 g, 2.0 mmol) at -78 °C. After 15 min
at this temperature benzaldehyde (0.233 g, 2.2 mmol) was
added and the mixture was warmed to room temperature, and
after 30 min it was diluted with ethyl acetate (20 mL) and
washed with a saturated solution of NaCl (3 × 20 mL). The
organic phase was dried over MgSO4, and the solvents were
evaporated. The residue was purified by column chromatog-
raphy on silica gel, first with hexane as eluent to remove
dibutyl telluride and then with hexane/ethyl acetate (9:1) to
remove the product.

(Z)-4,4-Diethoxy-1-phenyl-2-buten-1-ol (20): yield 0.31
g (65%); 1H NMR δ 7.26-7.42 (m, 5 H), 5.85 (dd, J ) 10.7, 8.5
Hz, 1 H), 5.66-5.50 (m, 2 H), 5.41 (d, J ) 5.3 Hz, 1 H), 3.45-
3.75 (m, 4 H), 2.84 (s, 1 H), 1.24 (t, J ) 7.0 Hz, 3 H), 1.18 (t,
J ) 7.02 Hz, 3 H); 13C NMR δ 142.75, 136.36, 128.77, 128.41,
127.47, 126.00, 97.58, 69.99, 60.73, 60.17, 15.16, 15.11; LRMS
m/z (relative intensity) 191 (5), 189 (3), 174 (1), 161 (6), 145
(100), 133 (2), 115 (47), 105 (8), 85 (5), 77 (2), 63 (3), 51 (4); IR
(KBr, film; cm-1) 3428, 2976, 1455, 1390, 1004. Anal. Calcd
for C14H20O3: C, 71.16; H, 8.53. Found: C, 71.27; H, 8.51.
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