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Asymmetric synthesis by vapor phase pyrolysis
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Abstract—The first vapor phase asymmetric synthesis was successfully carried out by FVP of a 2.4-pentanediol (PD)-tethered
substrate carrying cyclohexene and diazo ester moieties at high temperature up to 400°C. The intramolecular [2+2] cycloaddition
of the ketene was strictly stereocontrolled by the entropy term. © 2003 Elsevier Science Ltd. All rights reserved.

To achieve better selectivity of reaction, lower tempera-
ture is required, while the reaction slows down. This is
generally the case for chemical reactions, and compati-
bility of high selectivity and high conversion is fre-
quently a difficult task in asymmetric synthesis. An
exceptional case is the reactions using a chiral 2,4-pen-
tanediol (PD) tether that has always brought us suffi-
cient stereoselectivity (>99%) irrespective of the
reaction types and conditions.'?> Stereoselectivity of
tethered [2+2] cycloadditions of ketene, generated by
photolysis of diazo ester 1, is independent of the reac-
tion temperature from —78 to 130°C, and the stereocon-
trol is ascribed to mostly the entropy term in
activation.*> Using the benefit of this behavior of the
PD-tethered reaction, an asymmetric synthesis by vapor
phase pyrolysis, where an extremely high reaction tem-
perature of at least 250°C is required to generate the
ketene from 1, was studied.

Flash vacuum pyrolysis (FVP) is a flow reaction acti-
vated by short contact of a substrate with a surface

Table 1. Diastereomeric excess and isolated yield of 2a-d

heated to high temperature.® The substrates 1a—d were
vaporized under vacuum (30 Pa/50-80°C), passed
through a heated quartz tube (i.d. 1 cmx35 cm), and
trapped at the outlet of the tube (ca. —50°C). At tube
temperatures below 220°C, no reaction took place,
while a mixture of 1 and cycloadduct 2 was obtained at
higher temperatures. In the range of 260-300°C, 1 was
almost completely decomposed to give 2 in high yield.”
Above 300°C, isomeric product 3% was additionally
obtained, and it became the major product at 400°C.
Since FVP of the isolated 2 produced 3, 3 must be a
secondary product. Table 1 shows diastereomeric excess
(%de =100([R]-[SD/([R]+[S]) of 2, and the isolated
yields in a larger scale (20-40 mg).” Previous results of
the photolysis of 1 in solution are also included.

The FVP of 1a and 1b gives (1R)-2, but the amounts of
their diastereomers (1S5)-2 are less than the detection
limit (0.5%) of the analysis at all the temperatures.
Thus, the reaction selectivity with la is >99% in a
temperature range of 250-400°C (250-350°C for 1b).

Substrate Diastereomeric excess® (%ode) Isolated yield* (%)
—78 to 130° 260 300 350 400 20° 270¢
la >99 >99 >99 >99 >99 33 70
1b >99 >99 >99 >99 > 804 14 57
1c 84-88 82 79 72 17 15 54
1d 10-11 13 13 12 3 8 57

4 Results at temperatures given (°C).
b Obtained in solution by photolytic generation of the ketene.?

¢ The yields depend on the vaporization process and are not optimized.

d The detection limit of the diastereomer becomes larger due to decomposed products.
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Together with the solution results,® PD tether (a) was
found to strictly stereocontrol the cycloaddition of the
ketene to the cyclohexene moiety in the temperature
range of nearly 500 degrees. Pyrolysis of 1¢ and 1d gave
pairs of diastereomers of 2. The de values of 2¢ and 2d
obtained at 260°C are similar to those obtained by the
solution photolysis below 130°C. The values gradually
decreased at higher temperatures, and drastically
decreased at 400°C. The de change of 2 is attributable
to the results of a secondary reaction of 2 because FVP
of the isolated 2 resulted in a decrease in its de to a
different extent depending on the temperature. For
example, FVP of 2¢ (65% de) resulted in 7% loss in the
de of recovered 2¢ even at 300°C. It should be noted
that the FVP (270°C) gives higher yields of 2a-d than
the photolysis in solution. This must be due to the
minimization of side reactions. In solution, not only the
carbene but also a part of the ketene react with the
solvent or other internal species, while the carbene in
vapor phase gives the ketene through the Wolff
rearrangement'? and all the ketene produced is destined
only for internal reaction with the alkene (Scheme 1).

The chiral-tethered vapor phase asymmetric synthesis
was applied to the synthesis of an optically active
B-lactam by replacing the alkene moiety in 1 by an
imine (Scheme 2).!! When 4a—c were pyrolyzed in vacuo
at 260°C, lactam 5 was obtained as the sole product
(15-40% yields). The de of Sa—c were 86, 80 and 60% of
the 1R-isomers, respectively.
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In this report, an outstanding potential of the PD-teth-
ered reaction in its stereocontrollability owing to
entropy control is revealed by carrying out the reaction
in the vapor phase at unusually high temperatures.
Similar stereoselectivities observed in the vapor phase
and in solution indicate that the entropy term caused as
difference at the transition states is not due to solva-
tion, which frequently plays a major role in entropy
change during the reaction. It is also shown that the
vapor-phase reaction has a benefit when the reaction
intermediates are very reactive towards solvent or inter-
nal species. Thermal vapor-phase flow reaction is not
common in synthesis of fine chemicals, but now it is
available for asymmetric synthesis.
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tolysis of 1 in a solvent containing methanol.
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