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Tellurium in organic synthesis: synthesis of bioactive butenolides
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Abstract—Reduction of (Z)-b-butyltelluro-enones gives the corresponding c-hydroxy vinylic tellurides with retention of the double
bond configuration. Reaction of c-hydroxy vinylic tellurides with 2 equiv of n-butyllithium produces 1,4-C,O-dianions, which on
reaction with carbon dioxide give the corresponding butenolides.
� 2007 Elsevier Ltd. All rights reserved.
(R,S)-2a-d

O

R1

R3

1) n-BuLi / THF, r.t., N2
2) EtOH

Te0

[n-BuTeH]

EtOH R1 R

Ten-BuO

1a-d
NaBH4

MeOH/EtOH

R1 R

Ten-BuOH

0o

2a, R1 = R = Ph           (92%)
2b, R1= Me; R = Ph     (98%)
2c, R1 = Me; R = n-Bu (84%)
2d, R1 = Me; R = H      (93%)

r.t.

Scheme 1. Preparation of c-hydroxy vinylic tellurides.
Several methods are available to introduce tellurium
into organic molecules with high regio- and stereoselec-
tivity.1 The tellurium atom can be removed from the
resulting organotellurides under mild conditions. The
most employed methods for this purpose are the tell-
urium/metal exchange reaction1,2 and the coupling reac-
tion promoted by Pd0 3 and Ni0.4 These facts make
organotellurium compounds versatile reagents for
organic synthesis.1b,d It is worth mentioning that most
of the functionalized tellurides, contrary to comments
found in the literature, are not bad smelling compounds
and can be manipulated safely in the presence of light
and air, provided a long contact with these agents is
avoided.5 In recent years, the unique features of the
organic chemistry of tellurium were explored in the syn-
thesis of some bioactive natural products.5b,6

In this work we describe a route to butenolides starting
from c-hydroxy vinyl tellurides 2, which can be prepared
by the reduction of 1 with common reducing systems.7

The b-butyltelluro enones 1 were prepared by hydrotell-
uration of the corresponding alkynones 3.8 The c-hydr-
oxy vinylic tellurides 2a–d were prepared by reacting the
appropriate b-butyltelluro enones 1 with sodium boro-
hydride in methanol/ethanol at 0 �C (Scheme 1).7

With the (Z)-c-hydroxy vinylic tellurides 2 in hand, the
butenolides were obtained in an one-pot procedure, by
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treating 2 with n-BuLi and then with carbon dioxide,
followed by an acid workup (Scheme 2).9

It is worth mentioning that butenolides 4b present a
moderate activity against filamentous fungi,10 while 4c
is a metabolite from Streptomyces griseus11 and 4d is
angelicalactone, a flavoring agent.12

In order to demonstrate that the methodology can be ster-
eoselective, telluride 2d was submitted to an enzymatic
screening aiming to its kinetic resolution. Three
lipases were investigated, PPL (free porcine pancreatic
lipase—42 units/mg prot), PSL (Amano PS—free
Pseudomonas sp. Lipase—30,000 u/g), and CALB
(NOVOZYM 435�—immobilized Candida antartica
lipase type B—10,000 PLU/g). Scheme 3 and Table 1
summarize the enzymatic performance of those lipases
with 2d in hexane, THF, and a 1:1 mixture of hexane/THF.
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Scheme 2. Tellurium/lithium exchange mediated synthesis of butenolides.
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Scheme 3. Enzymatic resolution of telluride (R,S)-2d.
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Scheme 4. Synthesis of (S)-b-angelicalactone from (S)-2d.
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Figure 1. (S)-2d as a synthetic equivalent of a chiral building block.
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The enantioenriched acetate (R)-5 was obtained in a
high enantiomeric excess using CALB and PPL in differ-
ent solvent systems (entries 1–11). Modest and poor ee
values were obtained for acetate (R)-5 and alcohol (S)-
2, respectively, when PSL was employed as a biocatalyst
(entries 12 and 13). On the other hand, the enantiomeric
excess of the unreacted alcohol (S)-2d was good in pres-
ence of CALB using hexane as a solvent (entry 3) and
moderate in a 1:1 mixture of THF/hexane (entry 9). In
all other cases the optical purity of the (S)-2d was only
modest.

The absolute configuration of alcohol 2d and acetate 5
were indirectly assigned as (S) and (R), respectively, by
conversion of the optically enriched alcohol into b-
angelicalactone (4d—Scheme 4). Comparison of the
rotation signal (+) of the synthetic sample of 4d with
the literature data13 revealed that the stereochemistry
of the synthetic lactone is (S).

We point out that all tellurides prepared in this work are
not bad smelling compounds.
Table 1. Enzymatic kinetic resolutiona of (R,S)-2d

Entry Lipase Solvent Time (h) Conversion (%) ee (S

1 CALB Hexane 2 39 62
2 3 45 79
3 4 49 96
4 THF 6 27 37
5 24 28 38
6 48 36 54
7 Hexane/THF 4 29 40
8 6 32 46
9 24 48 89
10 PPL Hexane 2 9 10
11 5 26 35
12 PSL Hexane 2 4 3
13 6.5 12 9

a The reactions were performed with 1 mmol of (R,S)-2d and 50 mg of CAL
(20 mL for CALB or 10 mL for PPL and PSL), THF (20 mL) or 1:1 mixtu

b Enantiomeric excess (ee) of the recovered alcohol (S)-2d; Conditions
trin, 25 m · 0.25 mm · 0.25 lm, CRHOMOPACK-Varian�), p = 120 kPa
145.2 min.

c Enantiomeric excess (ee) of the acetate (R)-5; Conditions for chiral-GC a
160 �Cn2 �C/min. tR1 = 142.5 min, tR2 = 143.3 min.

d Isolated yields.
e Enantiomeric ratio: this parameter describes the enantioselectivity of the en
In conclusion, a simple and straightforward route to
butenolides was developed. In addition, telluride 2d con-
stitutes a precursor of the (Z) chiral lithium dianion 6
(Fig. 1), an important chiral building block, which could
be used in the synthesis of bioactive compounds con-
taining this structural unity.

The enzymatic kinetic resolution of 2d complements the
tin methodology reported some time ago, which
describes the preparation of R and S (E)-4-(tributylstan-
nanyl)but-3-en-2-ol (7) proposed as a precursor of the
(E)-chiral lithium dianion 8 (Fig. 2).14
)-2db (%) ee (R)-5c (%) Yield (%) (alcohol/acetate)d Ee

>99
98
98 36/32 >200
99
99 36/26
96 84
99
97
98 36/49 >200
98
98 139
65
64 5

B or 0.5 mmol of (R,S)-2d and 1 g of PPL, 100 mg of PSL in hexane
re hexane/THF (10 mL).
for chiral-GC analysis: CHIRASIL-DEX CB (packed b-cyclodex-
; 80 �C, 120 min hold, 80–160 �Cn2 �C/min. tR1 = 144.1 min, tR2 =

nalysis: CHIRASIL-DEX CB, p = 120 kPa; 80 �C, 120 min hold, 80–

zyme.
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Figure 2. Compound 7 as a possible precursor of a (E)-chiral building
block.
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