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The reaction of 2-chloro-1,3-bis(trimethylsilyloxy)-1,3-butadienes with various electrophiles allows a
convenient synthesis of chlorinated molecules which are not readily available by other methods.
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Chlorinated molecules are of considerable pharmacological rel-
evance and occur in a number of natural products.! In fact, arenes
and hetarenes containing a chloride group often show a better
pharmacological activity compared to their non-halogenated ana-
logues.? Chlorinated arenes and hetarenes also represent versatile
building blocks in transition metal-catalyzed cross coupling reac-
tions.> However, the direct chlorination of arenes, hetarenes and
open-chained molecules often suffers from several drawbacks,
such as low regioselectivity or multiple chlorination. An alternative
strategy for the regioselective synthesis of organochlorine com-
pounds relies on the use of appropriate chlorine-containing build-
ing blocks in condensation and cyclization reactions. For example,
Manzanares and co-workers reported the synthesis of a 4-chloro-
phenol by [4+2] cycloaddition of a chlorinated thiophene with
dimethyl acetylenedicarboxylate.?

1,3-Bis(trimethylsilyloxy)-1,3-butadienes (e.g., Chan’s diene)>®
represent important synthetic building blocks, which have been
used in formal [3+2], [3+3], [4+2] and [4+3] cyclizations and other
transformations.” Herein, we report the synthesis and synthetic
application of 2-chloro-1,3-bis(silyloxy)-1,3-butadienes.® Their
reaction with various electrophiles provides a convenient and reg-
ioselective approach to a variety of organochlorine compounds,
which are not readily available by other methods.

The reaction of commercially available methyl and ethyl 2-chlo-
roacetoacetate (1a,b) with MesSiCl and triethylamine afforded silyl
enol ethers 2a,b (Scheme 1). The 2-chloro-1-alkoxy-1,3-bis(silyl-
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oxy)-1,3-butadienes 3a,b were prepared by deprotonation (LDA)
of 2a,b at —78 °C and subsequent addition of trimethylchlorosi-
lane. It is noteworthy that the chloride group proved to be compat-
ible with the reaction conditions.

3-Chloro-2,4-bis(silyloxy)-1,3-pentadiene (3c) and 2-chloro-1-
phenyl-1,3-bis(silyloxy)-1,3-butadiene (3d) were prepared by
reaction of an ether solution of 1c and 1d, respectively, with
2.0 equiv of trimethylsilyl-trifluoromethanesulfonate (Me3SiOTf)
and triethylamine (Scheme 2). This method of silylation was first
developed by Simchen and Krigeloh.®” Dienes 3a-d can be stored
at —20 °C under inert atmosphere for several weeks.

The reaction of 3a with benzoyl chloride, following our recently
reported protocol,® afforded methyl 2-chloro-5-phenyl-3,5-dioxo-
pentanoate (4) in 82% yield (Scheme 3). The best yields were
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Scheme 1. Synthesis of dienes 3a,b. Reagents and conditions: (i) MesSiCl, NEts,
benzene, 20 °C, 48 h; (ii) (1) LDA, THF, —78 °C, 1 h, (2) Me3SiCl, —~78—20 °C, 14h.
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Scheme 2. Synthesis of dienes 3c,d. Reagents and conditions: (i) MesSiOTf, NEts,
Et,0, 020 °C, 4 h.

obtained when the reactions were carried out in the absence of
Lewis acid. It is noteworthy that products such as 4 are not
available by direct chlorination of 3,5-dioxoalkanoates, due to the
formation of a mixture of regioisomers.

The Mes3SiOTf-catalyzed condensation of 3a with methyl
malonyl chloride afforded dimethyl 2-chloro-3,5-dioxopimelate
(5) (Scheme 4). The synthesis of 5 by direct chlorination of
dimethyl 3,5-dioxopimelate is not possible, due to the formation
of regioisomers and multiple chlorination.

The Me;SiOTf-catalyzed cyclization'® of 2-chloro-1,3-bis(silyl-
oxy)-1,3-butadienes 3a, 3¢, and 3d with oxalyl chloride afforded
the novel chlorinated 7y-alkylidenebutenolides 6a-c (Scheme 5).
The exocyclic double bond of all products was formed with excel-
lent Z-diastereoselectivity (due to thermodynamic reasons). Prod-
ucts 6a-c are not readily available by other methods.

Me3SiO OSlMes

Z0OMe O o o
Cl i
3a — PhWOMe
. 0 Cl
)J\ 4 (82%)
Ph” >Cl

Scheme 3. Synthesis of 4. Reagents and conditions: (i) CH,Cl,, —78 520 °C.
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Scheme 4. Synthesis of 5. Reagents and conditions: (i) MesSiOTf (0.2 equiv), CH,Cl,,
—78-20 °C.
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Scheme 5. Synthesis of butenolides 6a-c. Reagents and conditions: (i) Me;SiOTf
(0.3 equiv), CH,Cl,, —78 520 °C, 14 h, Z/E (6a-c) > 98:2.

The TiCl4-mediated cyclization of 3b with epibromohydrin, fol-
lowing our recently reported protocol,!! afforded the halogenated
2-alkylidenetetrahydrofuran 7 (Scheme 6). The exocyclic double
bond was again formed with excellent Z-diastereoselectivity.

The Me;3SiOTf-catalyzed condensation of 3b with 1-chloro-2,2-
dimethoxyethane gave ethyl 2,6-dichloro-5-methoxy-3-oxohex-
anoate (8) in good yield as a 1:1 mixture of diastereomers (Scheme
7). The DBU-mediated cyclization'? of 8 afforded the Z-configured
4-methoxy-2-alkylidenetetrahydrofuran 9. Noteworthy, this prod-
uct is not available by direct halogenation.!®

The Me3SiOTf-mediated condensation of 3b with 3-cyanochro-
mone (10) gave product 11 by regioselective attack of the terminal
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Scheme 6. Synthesis of 2-alkylidenetetrahydrofuran 7. Reagents and conditions: (i)
TiCly (2.0 equiv), 4 A MS, CH,Cl,, —78 520 °C, ZJE (7) > 98:2.
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Scheme 7. Synthesis of 2-alkylidenetetrahydrofuran 9. Reagents and conditions: (i)
MesSiOTf (0.5 equiv), CH,Cl;, —78 520 °C, dr (8)=1:1; (ii) DBU (2.0 equiv), THF,
20°C, Z/E (9) > 98:2.
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Scheme 8. Synthesis of 1-azaxanthone 12. Reagents and conditions: (i) (1) 10,
Me;SiOTf, 1 h, 20 °C; (2) 3b, CH,Cl,, 020 °C, 12 h; (3) HCI (10%); (ii) (1) NEts, EtOH,
20°C, 12 h, (2) HCI (1 M).
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Scheme 9. Synthesis of homophthalate 13a. Reagents and conditions: (i) (1) neat,
40°C, 14 h; (2) HNEt5F, EtOH.
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Scheme 10. Synthesis of homophthalate 13b. Reagents and conditions: (i) (1) neat,
40 °C, 14 h; (2) HNEtsF, EtOH.
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Figure 1. Crystal structure of 13a.

c

carbon atom of the diene onto carbon atom C-2 of the cyanochro-
mone and subsequent hydrolysis upon aqueous work-up. Treat-
ment of an ethanol solution of crude 11 with triethylamine
afforded the novel chlorinated 1-azaxanthone 12 (Scheme 8). This
type of product is again not available by direct chlorination. The
transformation of A into 12 can be explained by a domino ‘retro-
Michael/nitrile-addition/heterocyclization’ reaction.'*

The [4+2] cycloaddition'® of 1,3-bis(trimethylsiloxy)-1,3-buta-
diene 3b with dimethyl allene-1,3-dicarboxylate afforded the
novel chlorinated 2,4-dihydroxy-homophthalate 13a in good yield
and with very good regioselectivity (Scheme 9). The cycloaddition
of dimethyl allene-1,3-dicarboxylate with 3¢ gave the homophtha-
late 13b (Scheme 10). Products 13a,b are not available by direct
halogenation of the corresponding homophthalate because of the

Me3SiO  OSiMes OH
/\% cl

OEt N
Cl ! |
— > Ph
3b o;S\\o N” MOEt
Ph.__C=N
+ O,/s\\o 14 (56%)

Scheme 11. Synthesis of pyridine 14. Reagents and conditions: (i) (1) neat, 45 °C,
48 h; (2) NH4CI, H,0.

formation of a regioisomeric mixture. The structure of 13a was
independently confirmed by X-ray crystal structure analysis
(Fig. 1).16

The hetero-Diels-Alder reaction!” of 1,3-bis(silyloxy)-1,3-buta-
dienes 3b with phenylsulfonylcyanide afforded the chlorinated 2-
(arylsulfonyl)pyridine 14 (Scheme 11).!® This type of product is
again not available by direct chlorination.

In conclusion, we reported the synthesis of 2-chloro-1,3-bis(tri-
methylsilyloxy)-1,3-butadienes and their reaction with various
electrophiles. These reactions provide a regioselective approach
to a variety of chlorinated carba- and heterocycles and of chlori-
nated tri- and tetracarbonyl compounds. The products are not
available by direct chlorination reactions. The preparative scope
of the methodology is currently being studied.
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