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Abstract: A short and efficient synthesis is described towards 2-
dodecyl-, 2-tetradecyl, 2-(5-tetradecenyl)- and 2-(5,8-tetradeca-
dienyl)cyclobutanones, which are specific markers of gamma-irra-
diated foodstuffs, e.g. chicken meat and liquid whole egg.
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Ionizing radiation, e.g. g-irradiation, for the preservation
of foods is not generally accepted and allowed. The de-
velopment of tests for the detection of irradiated foods is
of importance in this matter.1 Together with a good man-
agement at the irradiation facility, such tests would facili-
tate international trade and increase consumer confidence
in the existing control procedures. At present, reliable de-
tection methods for irradiated foods include electron spin
resonance to monitor long-lived radicals, thermolumines-
cence, detection of o-tyrosine formed in meat, and the de-
tection of volatile compounds from irradiated fats.2 The
detection of 2-substituted cyclobutanones as markers for
g-irradiated foods proved to be very successful for chick-
en,1,2c,f,3,4 peanuts,5 papaya,2f,6 liquid whole egg,2e,3 pork,
lamb, beef3 and fish.7 These 2-substituted cyclobutanones
are formed from the g-irradiation induced cyclization of
triglycerides 1 or fatty acids 2, and were shown to contain
the same number of carbon atoms as the parent fatty acids
(Scheme 1). As palmitic acid, stearic acid, oleic acid and
linoleic acid are the four major fatty acids found in
most foods, the presence of 2-dodecylcyclobutanone
(3a), 2-tetradecylcyclobutanone (3b), 2-(tetradec-5-
enyl)cyclobutanone (4) and 2-(tetradeca-5,8-dienyl)cy-
clobutanone (5) was proven in foods following irradia-
tion. Methods using GC-MS have been developed for the
detection of such 2-substituted cyclobutanones 3–5 in
foods (containing minimum 1% of fat) irradiated with
500Gy or even less.4,8 One of these cyclobutanone detec-
tion methodologies has been selected by the European
Committee for Standardization to prove food irradiation.9

The success of the detection of 2-substituted cyclobu-
tanones is dependant upon the ready availability of the
standard compounds by chemical synthesis. In recent
years, efforts have been performed to make such cyclo-
butanones 3–5 accessible, but most of the synthetic path-

ways are too long, using reagents which are difficult to
handle, e.g. sensitive cyclopropanes and the pyrophoric
tert-butyllithium.9,10

The present article describes the alkylation and alkenyl-
ation of N-(cyclobutylidene)isopropylamine as a high
yielding, easy to perform and efficient route towards
cyclobutanones 3–5. Only very recently, a synthesis of
2-alkylated cyclobutanones was published via the alkyl-
ation of cyclobutanone hydrazone.11 However, this simul-
taneous12 research did not offer an efficient synthesis of
the most important and specific alkenylated cyclobu-
tanone 4, because a Wittig–Horner reaction was used as a
key step towards 1-bromo-5-tetradecene resulting in a
mixture of E- and Z-isomers.11 Also, no synthesis of alka-
dienylcyclobutanone 5 was reported in this article.11

Scheme 1

Commercially available cyclobutanone 6 was converted
into N-(cyclobutylidene)isopropylamine (7)13 by reaction
with isopropylamine (3.5 equiv) in diethyl ether in the
presence of stoichiometric amounts of titanium(IV) chlo-
ride which acts as an activator and chemical dehydrating
agent. Without purification, the cyclobutanone imine 7
was deprotonated with LDA in THF at –78 °C and the
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resulting 1-azaallylic anion intermediate was reacted with
various alkylbromides to afford the corresponding N-(2-
alkyl-1-cyclobutylidene)isopropylamines (8). The latter
crude imines 8 were hydrolyzed with aqueous oxalic acid
in a two-phase system under reflux resulting in 2-substi-
tuted cyclobutanones 3 in 71–80% yield. Besides 2-dode-
cyl- and 2-tetradecylcyclobutanone, which are ubiquitous
in irradiated lipid containing foods, also the less occurring
hexyl-, octyl- and decylcyclobutanone were synthesized
using this procedure. Further purification was performed
by flash chromatography giving rise to the pure standards,
useful for the detection of markers for irradiated food-
stuffs (Scheme 2).

Scheme 2

Using the same methodology, a one-pot procedure was
evaluated to access cyclobutanones 3 by imination of the
starting cyclobutanone 6 and direct alkylation of the
formed imine after filtration. Hydrolysis of the alkylated
imines 8 was performed in situ by adding aqueous oxalic
acid. The yields of the cyclobutanones synthesized by this
procedure were practically the same as compared with the
multi-pot synthesis. However, the ease of performing this
three-step synthesis in one pot, makes this procedure very
suitable for the synthesis of 2-alkylated cyclobutanones 3.
Independently and prior12 to the recently reported synthe-
sis of 2-alkylcyclobutanones by Miesch et al.,11 we also
evaluated the use of N-cyclobutylidene-(N¢,N¢-dimethy-
lamino)amine (9)14 as a starting material for the alkylation
reaction. This procedure did not prove to give superior
yields as compared with the one-pot synthesis
(Scheme 3).12

To synthesize the more specific unsaturated cyclobu-
tanone derivatives 4 and 5, the corresponding olefinic ha-
lides were synthesized in order to use these substrates in

the alkylation step. Of prime importance is the fact that
the final alkenyl- and alkadienylcyclobutanones are ob-
tained stereochemically pure.

Commercially available 5-hexyn-1-ol (10) was deproto-
nated by reaction with 2.2 equivalents of BuLi and was
subsequently reacted with 1-iodooctane to yield tetradec-
5-ynol (11). Partial reduction of the triple bond using the
Lindlar catalyst under H2-atmosphere, afforded tetrade-
cenol (12)15 in high yield. Functional group transforma-
tion of the hydroxy moiety of 12 towards 1-bromo-
tetradecene (13) was accomplished using PBr3 in dichlo-
romethane (Scheme 4).

Scheme 4

For the synthesis of 1-bromo-5,8-tetradecadiene (17), a
copper(I)-catalyzed cross-coupling of 5-hexyn-1-ol (10)
and 1-bromo-2-octyn (14) was used,16 followed by partial
reduction of 15. To transform the obtained 5,8-tetradeca-
dienol into the 1-bromodiene 17, 1617 was reacted with
triphenylphosphine and tetrabromomethane in dichloro-
methane at 0 °C and afforded 1-bromodiene 17 in high
yield (Scheme 5).

Finally, the obtained bromoalkenes 13 and 17 were used
for the alkylation of cyclobutanone. The same procedure
was followed as for the synthesis of the saturated deriva-
tives 3. In this way, a new efficient route is established to-
wards 2-alkenylcyclobutanones 4 and 5, which can be
used as markers for irradiated foodstuffs.

5,8-Tetradecadiyn-1-ol (15). To a suspension of 1.46 g (7.66
mmol, 2 equiv) CuI, 1.15 g (7.66 mmol, 2 equiv) NaI, 0.80 g (5.74
mmol, 1.5 equiv) K2CO3 in 10 mL of DMF, 1-bromo-2-octyn (14;
0.80 g, 4.21 mmol, 1.1 equiv) and 5-hexyn-1-ol (10; 0.38 g, 3.83
mmol, 1 equiv) were added under N2-atmosphere at r.t.16 After stir-
ring for 15 h, the suspension was filtered over Celite® and the fil-
trate was poured into 20 mL of sat. aq NH4Cl and extracted with
Et2O (3 × 30 mL). Drying and evaporation of the solvent resulted in
a pale oil, which was chromatographed on silica gel (Et2O–hexane
25:75, Rf = 0.11), yield: 87%. 1H NMR (300 MHz, CDCl3): d = 0.90
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(t, J = 6.8 Hz, 3 H), 1.25–1.40 (m, 4 H), 1.43–1.79 (m, 6 H), 2.05
(br s, 1 H), 2.15 (tt, J = 7.2, 2.4 Hz, 2 H), 2.21 (tt, J = 6.7, 2.4 Hz, 2
H), 3.12 (quintet, J = 2.4 Hz, 2 H), 3.66 (t, J = 6.5 Hz, 2 H). 13C
NMR (75 MHz, CDCl3): d = 9.75, 14.04, 18.56, 18.74, 22.27, 25.02,
28.51, 31.14, 31.86, 62.43, 74.41, 75.05, 80.07, 80.67. IR (KBr):
3369 cm–1. MS: m/z (%) = 206 (2) [M+], 205 (5), 191 (2), 149 (37),
110 (74), 91 (100), 79 (54). Anal. Calcd for C14H22O: C, 81.50; H,
10.75. Found: C, 81.71; H, 10.94.

(5Z,8Z)-1-Bromo-5,8-tetradecadiene (17). To a solution of 0.25 g
(1.20 mmol) tetradecadienol (16) in 5 mL of dry CH2Cl2 at 0 °C was
added 0.47 g (1.79 mmol, 1.5 equiv) triphenylphosphine and 0.59 g
(1.79 mmol, 1.5 equiv) dried CBr4. The mixture was allowed to
reach r.t. and was stirred for 8 h at this temperature. The solids were
filtered and the filtrate was evaporated in vacuo. Purification of the
obtained bromide 17 was accomplished by flash chromatography
(Et2O–hexane 2:8, Rf = 0.75), yield: 90%. 1H NMR (300 MHz,
CDCl3): d = 0.89 (t, J = 6.7 Hz, 3 H), 1.29–1.41 (m, 6 H), 1.52
(quint, J = 7.3 Hz, 2 H), 1.88 (quint, J = 7.3 Hz, 2 H), 2.02–2.13 (m,
4 H), 2.77 (t, J = 5.6 Hz, 2 H), 3.41 (t, J = 6.7 Hz, 2 H), 5.27–5.44
(m, 4 H). 13C NMR (75 MHz, CDCl3): d = 14.19, 22.68, 25.72,
26.39, 27.32, 28.19, 29.43, 31.63, 32.41, 33.86, 127.73, 128.93,
129.18, 130.49. IR (KBr): 1648, 1457, 670 cm–1. MS: m/z (%) =
272/274 (13) [M+], 188/190 (14), 95 (57), 81 (86), 67 (100). Anal.
Calcd for C14H25Br: C, 61.54; H, 9.22. Found: C, 61.78; H, 9.40.
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