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ABSTRACT

0 \ : DGPTI

_—

600-630 °C

n=8-10,12,13,15: RR'=H
n=12: R,R' = CHyH

Dynamic gas-phase thermoisomerization (DGPTI) of medium- and large-ring 3-vinylcycloalkanones at 600—-630 °C produces isomeric y,0-
unsaturated cycloalkanones expanded by two carbon atoms. A reaction mechanism involving an open-chain diradical intermediate, followed
by intramolecular recombination under insertion of the vinyl group is proposed. Substituents on the vinyl moiety are transferred locospecifically
to the ring-expanded ketones as corresponding - and y-substituents, respectively. The preparation of extraordinary cyclic allenes can be
accomplished by DGPTI (540 °C) of 3-ethinylcyclododecanone.

Methods for expanding carbocyclic rings of different sizes  The design of this new ring expansion reaction was based
are important tools for the preparation of various biologically on the mechanistic hypothesis outlined in Scheme 1.
active macrocyclic target molecules as well as synthetically
useful intermediatesWe recently described the transforma-
tion of medium- and large-ring 1-vinylcycloalkanols into the

. o . . Scheme 1
isomeric, ring-expanded bishomologous macrocyclic ketones
. i . 7 i -~
by means of dynamic gas-phase thermoisomerization (QGP o A homolysis 0wl ) recombi-
Tl) in a flow reactor at 650C.2 Promoted by the synthetic — nation
and mechanistic importance associated with radical-mediated recombi-
ring expansion reactiorfsywe report herein the first two- . nation N .

carbon ring expansion reaction from 3-vinylcycloalkanones
1 to nicely functionalized ring-expanded 3-cycloalkenones
2 and the first studies of the scope and regiochemistry of
this remarkably efficient transformation.

Considering the reactor temperatures of about®0nitial
cleavage of the weakest single béril moleculea would
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reaction, generally allows the formation of both possible
diastereoisomers, i.e., the (E)- as well as the (Z)-forms.
We started our studies with 3-vinylcyclododecanaba (
which was easily prepared from/-unsaturated cyclodode-
canone by 1,4-addition of vinylmagnesium bromide in the
presence of cuprous iodide in 90% yiél&ubjectingld to
DGPTI in a flow reactor system under reduced pressuré (2
x 1072 mbar) at 58C°C delivered ring-expanded 3-cyclotet-
radecenon@d as a 1:1 mixture ofE)- and Z)-isomers in

Table 1. DGPTI of 3-Vinylcycloalkanones in Dependence of
the Ring Size

78% vyield! Additional studies on the influence of the
reaction temperature on the thermal isomerization revealed
optimal conversion to occur at 60C providing2d in 85%
yield® However, at higher temperatures 00 °C), the
efficiency of the reaction decreases due to the formation of
decarbonylation products as well as complex product mix-
tures with mainly low molecular mass components.
To more fully explore the generality of this finding, we

systematically investigated the effect of the ring size on this

A
0 DGPTI 0
_—
=600 °C
1 2
entry n product T (°C) yield (%)? E/Z ratio®
1 8 a 630 ca. 5¢ 1.0
2 9 b 620 35 13
3 10 c 610 6d°¢ 1.7
4 12 d 600 85¢ 2.0
5 13 e 600 87¢ 16
6 15 f 600 754 1.7

aBased on isolated materi@lE/Z ratio was determined byH NMR
spectroscopic analysigNot isolated d Isolated as aiE/Z mixture. € Both
(E)- and ¢)-forms could be separated by column chromatography.

amazing transformation. In agreement with the results
obtained with substratéd, the homologous 3-vinylcyclo-
tridecanonele was thermally isomerized at 60TC into
3-cyclopentadecenorgein 87% yield, which upon hydro-
genation quantitatively afforded the valuable macrocyclic
musk odorant cyclopentadecandriene 17-membereg,d-
unsaturated compoun@f was easily obtained from 15-
membered ketondf in the same manner in good yields
(75%)° In sharp contrast to the smoothly convertible
macrocyclic substratesd—f, thermolysis under the same
reaction conditions of medium ring-sized 3-vinylcycloal-
kanoneslb and1cafforded the corresponding ring-expanded
products2b and 2c, respectively, only in moderate yields
(entries 2 and 3). Almost no conversion could be detected
in the case of the eight-membered analodae(entry 1),
even at elevated temperature660°C). However, besides
5% of the expected 3-cyclodecenon2a), only starting
material and low-boiling fragmentation products could be
detected. The findings summarized in Table 1 reflect the ring
strain in the range of 8- to 17-membered carbocyclic systems.
In contrast to the smooth reaction conditions of cyclic

(6) Williams, D. R.; Benbow, J. W.; McNutt, J. G.; Allen, E. E.Org.
Chem.1995,60, 833.
(7) Both isomers could be separated by column chromatography and/or

3-vinyl-substituted ketones, DGPTI of comparable acyclic
substrates under the same conditions, to yield open-chain
3-enones, yielded only low molecular weight products
(according to GC/MS analysis), which were not further
characterized. Also no reaction or only tar formation was
observed by heatingyd under static conditions in an ampule
at 400°C.

To gain additional insight into regiochemical aspects and
to obtain a clear picture of how substituents on the alkene
moiety effect the isomerization process, we have further
studied the thermal behavior of selectedubstituted cy-
clododecanone3a—d (Table 2)'* In accord with the parent

Table 2. Influence of Methyl Substituents on the Vinyl Moiety
on DGPTI of 3-Vinylcyclododecanones

2 3 R2 3
RI R o " N
o} o /
R'  pepT R R
@ v
3 4 5

by crystallization from 60:1 hexane/AcOEt.
(8) In a representative procedure, 3-vinylcyclododecanadg(@.82 g,

23.14 mmol) was evaporated in a kugelrohr oven and directly distilled under
reduced pressure (2 mbar) through a preheated {6Q@uartz tube (110

cm length, 3 cm i.d., contact time estimated at abou® k) applying a
flow of N2 (1.4 L/h). At the outlet part of the reactor, the ring expansion
product was collected in a cooling trap- 196 °C). Purification by flash
chromatography (silica gel, 40:1 hexanes/ethyl acetate) daved (2.75

g, 57%) as a first fraction, followed by}-2d (1.35 g, 28%). Both isomers
could be crystallized from 60:1 hexanes/ethyl acetate, affording colorless
needles. All new compounds were fully characterized.

R! R2 R3  product T (°C) 4yield (%)2 5 yield (%)2
CHs; H H a 600 87b 0
H CH3z/H H/CH; b 580 55¢ 10¢
CH3 CHs/H H/CH3 c 580 46° 21b
H CHs; CHs d 590 0 38b

aBased on isolated materi@lAs a 1:1 mixture of E)- and g)-isomers.
¢ Exclusively (E)-isomer.
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a 2:1 mixture of E)- and ¢)-isomers (87%) that could easily

be separated by column chromatography or crystallization scheme 2. Diradical-Mediated Formation of a Cyclic Allene
from hexane. In remarkable contrast, a methyl substituent

. " X ) r o}
at the terminal position of the vinyl moiety such as that o = o oy k
present irBb,c led to the corresponding ring-expanded cyclic bGPTi Z
ketones4b,c (55 and 46%, respectively) only inE}- @ 60 C >

configuration along with open-chain methyl ketoiséec (10
and 21%, respectively), which are valuable intermediates in s
synthesis but undesired products in the current study.

Interestingly, no 5,6-dihydro-2H-pyrane derivatives formed g 15 ngpT) 5t 540°C provided the extraordinary cyclic allene

\é'a mtrzrznax_lre]cular hetero D|¢islglg)jer (;eSactmn cou!d Ibe 7in 56% yield (based on recovered starting material), which
etecte. - The starting maten_a and 3c, respectively, showed in its IR spectrum a characteristic absorption at 1962
were mixtures of (E_)' and (Z)-_lsomers. However, b‘?th PU'® cpy-1.16 |n comparison with the vinyl analogues, rather low
lsorlnerlsk react t% glvde4exclu3|vely tf|1e goréespondl'ﬁg- ( ¢ temperatures were necessary for optimal conversion. More
cycloa gnopesl and4c, respectively. Hy rogenatlgp of  elevated temperatures, however, resulted in the formation
4b quantitatively afforded (+)-normuscone. An additional of open-chain products and additional low-boiling side

methyl group at the recombination center affected, as products, which were not further characterized. In summary,

expected, the course of the reaction: thermal isomerizationWe have demonstrated the first example of a ring expansion
of 3-(2-methyl-1-propenyl)cyclododecanor8tl] at 590 °C o4 4ign of 3-vinyl/ethinyl-substituted medium- and large-

afforded only the thermodynamically most favorable open- fing cycloalkanones to the isomeric bishomologays-

chain dlzneSd .(38%) be;c:es a con?de_rabklltla amounth of unsaturated cyclic ketones by means of DGPTI. Moreover,
recovered starting materiallt seems that in this case, the  yic method provides a novel strategy for the synthesis of

formed c'i|rad|cal O,f typd oqu undergoes.recombmatlon 00 finctionalized macrocyclic systems. Further synthetic studies
the starting material and disproportionation to the observed of DGPTI processes involving other substrates are in
diene5d.1 progress
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