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Bicyclic lactams obtained from ethyl 4-oxoalkanoates and 2-ami-
noethanol add saturated and unsaturated aliphatic lithium com-
pounds forming the corresponding 1,4-diketones in 41-61% yield
after acidic hydrolysis.

1,4-Diketones are versatile intermediates for the synthesis
of many heterocyclic! ~3 and carbocyclic compounds.*
Hence, there is a permanent interest in the development of
new strategies for the preparation of these synthetically
useful compounds. Due to their functionality, derivatives
of 4-oxoalkanoic acids have proved to be well-suited
starting materials for the conversion into 1,4-diketones.®
These conversions comprise the transformation of the
modified carboxylic group into a ketone by monoaddi-
tion of a suitable organometallic reagent without attac-
king the 4-o0xo group. This requires a proper activation of
the carboxylic group®~!! and, in general, the protection
of the 4-oxo group.®8!2 Only in few cases this protec-
tion can be omitted.'®1!

Recently we have prepared the bicyclic lactams 1 in nearly
quantitative yield by reaction of ethyl 4-oxoalkanoates
with 2-aminoethanol as conveniently accessible derivati-
ves of 4-oxoalkanoic acids meeting the above-mentioned
requirements.'®> Now we report on the conversion of
these lactams into 1,4-diketones.

The reaction of the bicyclic lactam 1a with two equiva-
lents of butyllithium in diethyl ether/hexane at — 50°C
afforded the diketone 4a in an isolated yield of nearly
60 % after hydrolysis of the intermediate adduct 3a with
dilute phosphoric acid. With one equivalent of 2a the
yield dropped to about 20 %. Performing the reaction at
0°C or even at ambient temperature also resulted in a
lower yield. Attempts to use butylmagnesium bromide
instead of 2a did not improve the outcome of the reaction
either. The yield reached under optimal conditions seems
to be the consequence of a competition between the
desired addition of 2a to the carbonyl group of 1a and the
enolization caused by a deprotonation of the a-methylene
group of 1a. This assumption is supported by the fact that
the addition of hexamethylphosphoramide further lowers
the yield. The educt 1a which had not been converted into
4a could be isolated in the form of 4-oxopentanoic acid,
the hydrolysis product of 1a. No attempts were made to
isolate the intermediate addition product 3a.

Under optimal reaction conditions the homologous
lactams 1b-d react with 2a forming the 1,4-diketones
4b-d in 50-60% yield. Hexyllithium (2b), prepared
from 1-chlorohexane and lithium in diethyl ether
supported by sonication, added to 1a-d affording the
diketones 4e—h in a comparable yield. Finally, the
unsaturated diketone 4i, the precursor for the synthesis of
cis-jasmone,* was obtained in 60 % yield by addition of
(2)-hex-3-enyllithium (2¢) to 1a.
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In conclusion, the bicyclic lactams 1, easily available
derivatives of 4-oxoalkanoic acids, have proved to be
suitable intermediates for an efficient one-pot conversion
into various 1,4-diketones. The described procedure
represents a cheap access especially to alkane-2,5-diones,
such as 4a, 4e, and 4i, because 4-oxopentanoic acid, the
precursor of 1a, is an inexpensive commercially available
starting material.

Melting points were determined on a Boétius micro melting point
apparatus and are corrected. Microanalyses were obtained using a
Carlo Erba autoanalyzer 1106. IR spectra were measured on a
Bruker spectrometer IFS 66. 13C NMR spectra were recorded at 75
MHz on a Varian Gemini 300 spectrometer. Mass spectra were
obtained on a GC/MS Datensystem HP 5985 B. For sonication a
Sonopuls HD 60 ultrasound disintegrator (Bandelin) was used.

1,4-Diketones 4a—h; General Procedure:

A 1N solution of BuLi (2a; 20 mL, 20 mmol) in hexane ora 0.5 N
solution of hexyllithium (2b; 40 mL, 20 mmol) in Et,O was cooled to
— 50°C. Then a solution of a bicyclic lactam 1 (10 mmol) in Et,0
(10 mL) was added dropwise under stirring at — 50 °C within 30 min.
After complete addition, the mixture was stirred for further 30 min at
this temperature and then allowed to warm up to r.t. For hydrolysis,
the mixture was poured carefully into dilute H,PO, (20 mL, 20 %)
and stirred at 20°C for 12 h. After separation the aqueous layer was
extracted with Et,O (3 x 20 mL). The extracts were combined with
the organic phase, dried (Na,SO,), and concentrated under reduced
pressure. Flash chromatography of the resulting oil on silica gel
(80 g) with hexane/EtOAc (2: 1) as eluent afforded the correspon-
ding diketone 4. (Table).
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Table. 1,4-Diketones 4a—i Prepared
Prod- Yield bp (°C/mbar)® Molecular IR (film/KBr) !3C NMR (CDCl,/TMS) MS (70 eV)
uct (%) ormp(°C)  Formula®or Lit. v(cm™!) é mfz (%)
(solvent) bp (°C/mbar) or
mp (°C)
4a 58 50-60/0.13 113/204 1705 13.79, 22.33, 25.99, 29.89, 36.08, 36.94, 42.55, 207.08, 156 (M*, 2),
209.49 114 (100)
4b 50 50-60/0.13 150/3-413 1712 7.82, 13.82, 22.38, 26.05, 35.67, 35.92, 36.14, 42.55, 170 (M*, 1), 57

209.52, 209.83 (100)

4c 56  23-24 110-112/13.3'¢ 1713

13.71, 13.81, 17.34, 22.34, 26.00, 36.03, 42.58, 44.79,

185 [(M + 1)*,

(hexane) 209.56, 209.67 1007°

44 61 46-47 48-50"7 1708 13.84, 22.32, 25.96, 36.00, 42.57, 209.75 199 [M + 1)*,
(CHCl,/ 100)°
hexane)

de 60 31-32 33-3418 1704 14.02, 22.48, 23.81, 28.87, 29.93, 31.59, 36.04, 36.89, 185 [(M + 1)*,
(hexane) 42.83, 207.22, 209.62 100]¢

4f 54 35-37 4114 1708 7.78, 14.01, 22.47, 23.80, 28.87, 31.58, 35.05, 35.59, 198 (M™, 1.5),
(hexane) 35.94, 42.87, 209.80, 210.07 57 (100)

4¢ 4 36-38 C,;H,,0, 1703 13.70, 14.01, 17.30, 22.48, 23.80, 28.88, 31.59, 36.02, 212 (M*, 3),
(hexane) (212.2) 42.88, 44.75, 209.62, 209.76 169 (100)

4h 48  44-46 C,.H;60, 1703 13.84, 14.02, 22.32, 22.48, 23.80, 25.95, 28.88, 31.59, 226 (M™, 3), 57
(CHClL,/ (226.2) 35.99, 42.56, 42.87, 209.76 (100)

hexane)
4i 60  70/0.07 138-141/4'8 1715,

1655 (sh)

14.25,20.47, 21.57, 29.92, 36.16, 36.89, 42.71, 127.11,
132.86, 207.19, 208.93 (100)

182 (M*, 4), 99

® Bath temperature.
® Satisfactory microanalyses obtained: C +0.09, H +0.37.
¢ Obtained by chemical ionization using isobutane.

(Z)-Undec-8-ene-2,5-dione (4i); Typical Procedure (for Large-scale
Preparation):

Lithium (3.8 g, 0.55 mol) cut into small pieces and submersed with
Et,0 (400 mL) was sonicated for 30 min. Then (Z)-1-chloro-
hex-3-ene (30 g, 0.25mol) in Et,0 (100 mL) was added under
continuous sonication during 1 h maintaining a gentle reflux of the
solvent. To complete the reaction sonication was continued for
further 3 h at reflux temperature. After separation of the supernatant
solution from the remaining solid by pipetting, a 0.25 N solution of
2¢ was obtained. To this solution (400 mL, 0.1 mol) cooled to
— 78°C the lactam 1a (7 g, 0.05 mol) dissolved in Et,O (50 mL) was
admixed dropwise under stirring. The mixture was kept at this
temperature for 15 min, and allowed to warm up to room
temperature. Then the mixture was poured into diluted H;PO,
(200 mL, 20%) and stirred for 5 h. After separation of the organic
phase the aqueous phase was extracted with Et,O (3 x 50 mL).
Organic phase and the extracts were combined, dried (Na,SO,), and
concentrated under reduced pressure. Flash chromatography of the
remaining yellow oil on silica gel (250 g) using hexane/EtOAc as
eluent afforded pure 4i as an oil; yield: 5.5 g (60 %) (Table).

(1) Bosshard, P.; Engster, C.H. Adv. Heterocycl. Chem. 1966, 30,
384,
(2) Dean, F.M. Adv. Heterocycl. Chem. 1982, 30, 172.

(3) Sundberg, R.J. In Comprehensive Heterocyclic Chemistry, Vol.
4, Katritzky, A.R.; Rees, Ch. W. Eds., Pergamon Press: Ox-
ford, 1984, p. 329.

(4) Ellison, R. A. Synthesis 1973, 397.

(5) Wedler, C.; Costisella, B.; Schick, H. J. Prakt. Chem. 1990, 332,
557, and references cited therein.

(6) Moreau, J.-L.; Couffignal, R.; Arous-Chtara, R. Tetrahedron
1981, 37, 307.

(7) Araki, M.; Sakata, S.; Takei, H.; Mukaiyama, T. Bull. Chem.
Soc. Jpn. 1974, 47, 1777.

(8) Mukaiyama, T.; Araki, M.; Takei, H. J. Am. Chem. Soc. 1973,
95, 4763.

(9) Araki, M.; Sakata, S.; Takei, H.; Mukaiyama, T. Chem. Lett.
1974, 684.

(10) Araki, M.; Mukaiyama, T. Chem. Lett. 1974, 663.

(11) Araki, M.; Sakata, S.; Takei, H.; Mukaiyama, T. Chem. Lett.
1974, 687.

(12) Fujizawa, T.; Mori, T.; Sato, T. Tetrahedron Lett. 1982, 23,
5059.

(13) Wedler, C.; Schick, H.; Scharfenberg-Pfeiffer, D.; Reck, G.
Liebigs Ann. Chem. 1992, 29.

(14) Hunsdiecker, H. Ber. Dtsch. Chem. Ges. 1942, 75, 447.

(15) Ballini, R.; Petrini, M.; Marcantoni, E.; Rosini, G. Synthesis
1988, 231.

(16) Lissi, E. A.; Encinas, M. V.; Castaneda, F.; Olea, F.A. J. Phys.
Chem. 1980, 84, 251.

(17) Leung, W.Y.; Le Goff, E. Synth. Comm. 1989, 19, 787.

(18) Rosini, G.; Ballini, R.; Sorrenti, P. Tetrahedron 1983, 39, 4127.

Downloaded by: Collections and Technical Services Department. Copyrighted material.



