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Abstract—This letter shows the highly stereoselective synthesis of substituted (E)-1,3-dienes from substituted propargylic diols via
the double ortho ester Claisen rearrangement. The cyclohexyl-substituted diene undergoes thermal Diels–Alder cycloaddition with
maleic anhydride to produce the corresponding bicyclic diester in highly stereoselective manner.
� 2004 Elsevier Ltd. All rights reserved.
The ortho ester Claisen rearrangement1 has been known
as one of the major methodologies in organic synthesis
because the methodology provides efficiency in conver-
sion and predictable stereochemistry in carbon–carbon
bond formations.2 The general condition is that treat-
ment of an allylic3 or a propargylic alcohol4 with an
ortho ester in the presence of a catalytic amount of pro-
pionic acid gives rise to the corresponding olefinic ester
or allenic ester upon heating within the range of 80–
160 �C. The conversion is efficient due to the vinyl ether
of the Claisen precursor could be generated in situ
affording the corresponding ester in a good yield. The
ortho ester Claisen rearrangement of allenols providing
the 1,3-dienes has also been reported.5 However, the
yields of the resulting dienes are generally low or moder-
ate. The stereoselectivity varies from low to high up to
95:5.

We have been interested in the stereoselective synthesis
of 1,3-dienes by employing the double ortho ester Clai-
sen rearrangement of the propargylic diol with various
substituents. Although an example of the double ortho
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ester Claisen rearrangement of unsubstituted proparg-
ylic diol has been reported,6 to the best of our knowledge,
the stereoselectivity of the double Claisen rearrangement
of substituted propargylic diols has not been utilized as
a synthetic methodology for the stereodefined dienes in
an efficient manner. We here report the efficient and con-
cise syntheses of the substituted dienes employing the
novel double ortho ester Claisen rearrangement. The
substituted propargylic diols were prepared in moderate
to good yields by the direct addition of lithiated dianion
of propargylic alcohol (Scheme 1), or anion of THP pro-
tected propargylic alcohol7 to the corresponding alde-
hydes at �78 �C.

The propargylic diols were treated with an excess tri-
ethylorthoacetate in the presence of a catalytic amount
of propionic acid. The mixtures were heated at 130 �C
for 3 to 24 h to afford the corresponding dienes in a
highly stereoselective manner. The isolated yields and
stereoselectivities are recorded in Table 1. The optimum
yields were observed when the rearrangement proceeded
without a high boiling solvent, such as toluene or xylene.
rgylic diols; (E)-1,3-dienes; Diels–Alder cycloaddition.
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Table 1. The double ortho ester Claisen rearrangement of the substituted propargylic diolsa

HO OH

R CH3C(OEt)3 EtO2C
EtO2C

R

CH3CH2CO2H

Entry Substrate Reaction time (h) Product Yield (%)d E/Z ratiob

1

HO OH
1

20 EtO2C
EtO2C

2

72 99:1

2
HO OH

3

19

EtO2C
EtO2C

4

56 91:9c

3
HO OH

(CH2)5CH3

5

10

(CH2)5CH3

EtO2C
EtO2C

6

84 83:17

4
(CH2)3CH=CH2

HO OH
7

24

(CH2)3CH=CH2

EtO2C
EtO2C

8

58 95:5

5

HO OH
9

9

EtO2C
EtO2C

10

72 97:3

6

OHHO
11

17

EtO2C
EtO2C

12

63 >99:1

7

HO OH13

17

EtO2C
EtO2C

14

82 96:4

8
HO OH

(CH2)4OTBS

15

15

(CH2)4OTBS

EtO2C
EtO2C

16

76 83:17c

9
HO OH

Ph

17

17

Ph

EtO2C
EtO2C

18

66 90:10c

10

HO OH

Cl

19

13

EtO2C
EtO2C

Cl
20

70 78:22c

11

HO OH
21

10

EtO2C
EtO2C

22

22 79:21c

a Reaction conditions: 1 equiv of the propargylic diols, 5–7 equiv of triethylortho acetate, a catalytic amount of propionic acid at 120–130 �C.
bE/Z ratios were determined by capillary GC analysis.
cE/Z ratios were determined by 1H NMR analysis.
d Isolated yields.
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Scheme 3. Proposed mechanism of the double ortho ester Claisen

rearrangement of the cyclohexyl substituted propargylic diol 13.
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Propionic acid was used within 10 mol% of the diols.
During the reaction we were able to observe the interme-
diate allenol according to TLC analysis.

The rearrangement of methyl-substituted propargylic
diol 1 gave the corresponding (E)-diene diethylester 2
in 72% yield with a 99:1 E/Z ratio according to capillary
GC and 1H NMR analysis. Chain elongation from ethyl
to pentyl causes slightly decreasing selectivity, as shown
in entries 2 and 3. In the case of the rearrangement of
propargylic diol with pentenyl group bearing a terminal
olefin, an increase of stereoselectivity to 95:5 was ob-
served. An attempt to effect the novel double Claisen-
intramolecular Diels–Alder reaction with the terminal
olefinic diol in one pot has not been successful, but re-
sulted in decomposition after several attempts, probably
due to the presence of propionic acid during the Diels–
Alder reaction at a high temperature.

As expected, an increase of the bulkiness of the substitu-
ent by employing isopropyl, tert-butyl and cyclohexyl
groups also gave great stereoselectivities of the dienes
10, 12 and 14, respectively, as shown in entries 5, 6
and 7. Use of 4-(t-butyldimethylsilyloxy)butyl substitu-
ent caused a decreasing selectivity to 83:17 ratio accord-
ing to 1H NMR analysis. Although the stereoselectivity
of the rearrangement in entry 8 is not as great as in the
case of entry 1, this resulting diene is considered to be
attractive because the protected alcohol functionality
of diene 16 could be utilized to manipulate further chain
elongation, such as the incorporation of a dienophile to
effect the intramolecular Diels–Alder cycloaddition
afterward. The reaction of the diols bearing a phenyl
substituent gave the diene 18 with a selectivity of 90:10
in 66% yield. However, the presence of a para-substi-
tuted electron-withdrawing group leads to decreasing
selectivity, down to 78:22 as shown in entry 10. When
the benzyl group was substituted, the selectivity de-
creased to 79:21 as shown in entry 11, with a low yield.
The low yield might be caused from the elimination of
the starting benzyl-substituted propargylic diol. In the
case of the furan-substituted propargylic diol 23, we ob-
tained only the first Claisen adduct (an allenol) 24 in a
low yield (Scheme 2).

The mechanism of the double ortho ester Claisen rear-
rangement of cyclohexyl substituted propargylic alcohol
as an exemplary reaction could be postulated as follows
(Scheme 3): The diols would be converted to the allenol
26 which undergoes the second rearrangement to give
the corresponding diene 14. The high stereoselectivity
probably comes from a chair transition state of the sec-
ond Claisen rearrangement which should be more stable
than the boat transition state of 27. The substituent in
HO OH

CH3C(OEt)3
HO

O
OEt

O
O

EtO2C
EtO2C

O

23
24 25

Scheme 2.
the chair transition state is disposed as equatorial posi-
tion resulting the (E)-diene products exclusively.

To demonstrate the novel Diels–Alder cycloaddition
with the diene the corresponding diene 14 was subjected
to thermal Diels–Alder cycloaddition reaction with
maleic anhydride to afford the bicyclic diester 29 in
78% yield with the selectivity of ca. >99:1(endo:exo)
(Scheme 4).8,9

In conclusion, we were able to synthesize the stereode-
fined 1,3-dienes starting from propargylic alcohol in a
two step sequence involving the double ortho ester Cla-
isen rearrangement in a high stereoselective manner. The
substituted dienes could be useful precursors for the
Diels–Alder reactions. Currently, we are investigating
the use of the dienes as key intermediates toward synthe-
sis of biologically interesting natural products.
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