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Abstract: EZ and ZZ hetero macrocyclic dienes 13a and 14b are
generated respectively by an intramolecular displacement of a-
chloroketones 11a and 11b using trifluoroacetamide as nucleophilic
agent. Novel molecular rearrangements were observed.
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We have recently reported the use of a-chloroketones for
the synthesis of macrocycles via the intramolecular dis-
placement with a carbon nucleophile.1 We have also ob-
served good yields of macrocyclization by the
displacement of an allylic chloride with a nitrogen derived
nucleophile.2 We wish now to report a study on the in-
tramolecular cyclization of EZ and ZZ a-chloroketone tri-
fluoroacetamide dienes 11a and 11b which led us to
observed unexpected molecular rearrangements during
the macrocyclization step.

The trisubstitued Z-olefin 6 (Scheme 1) was obtained
through a ten step sequence via the commercially avail-
able 3-butyn-1-ol which was protected as a tetrahydropy-
ranyl acetal.3 The corresponding lithium acetylide was
treated with methyl chloroformate to give the adduct 1 in
a combined yield of 72%. Carbocupration on the alkynic
ester provided specifically the corresponding Z olefin 2 in
a 95% yield.4 The ester 2 was reduced by DIBAL-H and
the resulting alcohol was oxidized to the aldehyde by the
Swern’s protocol.5 The chlorohydrin 4 was obtained in
98% yield as a mixture of diastereoisomers upon treat-
ment with chloromethyllithium.6 Protection of this mix-
ture as triisopropylsilylether followed by the removal of
the tetrahydropyranyl group in acidic medium gave race-
mic adduct 5 in a combined yield of 92%. Using Corey’s
procedure,7 the alcohol 5 was transformed to the iodide
which was alkylated with dimethyl malonate to give syn-
thon 6 in a global yield of 35%.8 

Coupling of the latter with the commercially available
dichlorides 7a and 7b (Scheme 2) afforded the corre-
sponding dienes 8a and 8b. Displacement of the allylic
chloride with sodium azide provided adducts 9a and 9b
which were converted into the corresponding amines fol-
lowing the Staudinger’s protocol.9 Acetylation led to trif-
luoroacetamides 10a and 10b. The triisopropylsilylether
was removed with tetrabutylammonium fluoride to gener-
ate the alcohols which were oxidized by Dess-Martin
periodinane10 to give chloroketones 11a and 11b. These

precursors were submitted to the macrocyclization condi-
tions and the results are shown in the Table 1.

Table 1 Results for the macrocyclization step

(a) Macrocyclization was carried out at 2.0 X 10-3 M in CH3CN using
Cs2CO3 as a base. (b) Time of the substrate addition via a syringe
pump. (c) Yield of isolated product. (d) Degradation products were ob-
served. (e) DMF was used as solvent.

Results and discussion

Temperature was shown to influence the relative forma-
tion of the expected macrocycle 12a and the unexpected
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Scheme 1 (a) DHP, TsOH, THF, r.t., 95% (b) n-BuLi, ClCO2Me,
THF, -78°C, 76% (c) MeLi, CuI, THF, -78°C, 95% (d) DIBAL-H,
CH2Cl2, -78°C, 88% (e) (COCl)2, DMSO, Et3N, CH2Cl2, 80% (f) Li,
BrCH2Cl, THF, -78°C, 98% (g) TIPSOTf, 2,6-lutidine, CH2Cl2, -
20°C, 98% (h) PPTS, i-PrOH, reflux, 94% (i) Ph3P, I2, imidazole,
Et2O/CH3CN (3:1), r.t., 90% (j) E2CH2, NaH, THF/DMF (1:1), 80°C,
88%. E = CO2Me.
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bicyclic macrocycle 13a as indicated in entries 1-3.11,12

When macrocyclization was carried out at 60°C, macro-
cycle 12a was not formed but degradation products ap-
peared. As shown in Scheme 3, we explained the
formation of the bridged macrocycle 13a by the competi-
tive formation of a cyclopropanone intermediate which is
usually occurring in the Favorskii's rearrangement.13

Thus, chloroketone 11a would first be converted to cyclo-
propanone 15, trifluoroacetamide anion would then add to
the carbonyl and the resulting intermediate would break
down by attacking the fluoroacetamide carbonyl (two
routes are possible) to finally eject trifluoromethane car-
banion and produce the rearranged bicyclic macrocycle
13a. The unexpected formation of the non-conjugated
macrocyclic lactam 14b (Scheme 4)14 would start by the
formation of cyclopropanone intermediate 16 by remov-
ing an allylic proton on the alkyl chain. This would be fol-
lowed by a N-nucleophilic attack and cleavage of the

resulting cyclopropanoxide on the allylic side providing
the macrocyclic trifluoroketoimide 17. This compound
would then be hydrolysed in the reaction medium to give
macrocyclic lactam 14b. Single crystal X-ray diffraction
analysis of compounds 13a and 14b confirmed unambig-
uously their structures (Figures 1-2).15 Both series have
demonstrated that the direct macrocyclization pathway is
disfavored over the unexpected rearrangements. 

Scheme 3 E = CO2Me, B = Cs2CO3.

The above procedure using an a-chloroketone nucleo-
philic displacement by an heteroatom shows that it is pos-
sible to generate 12-membered macrocycles. Moreover, it
also allowed us to observe a new molecular rearrangement
leading to unusual bicyclic imides and macrocyclic lac-
tams.
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Scheme 4 E = CO2Me, B = Cs2CO3.
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