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A NEW READY ROUTE TO 1,4-KETOALDEHYDES AND 1,4-DIKETONES WITH APPLICATION
TO THE SYNTHESIS OF Z-JASMONE AND DIHYDROJASMONE
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Summary: A new three-step synthesis in good overall yield of 1,4-ketoaldehydes and 1,4-diketones is described.
The method involves two sequential coupling reactions of Grignard reagents with S-pheny! carbonochloridothicate
in the presence of nickel{ll} or iron{lll} complexes as catalysts. Application of this reaction to the synthesis of Z-
-jasmone and dihydrojasmene is also described.

In recent years, a great interest has been focused on the synthesis of 1,4-dicarbonyl compounds, since
these compounds are useful starting materials for the synthesis of cyclopentenone rings which occur in many
compounds of biological and commercial interest, such as prostaglandins, cyclopentanoid antibiotics, rethrolones,
and jasmonoids1. Although many synthetic approaches to 1,4-dicarbonyl compounds are known':2, most of these
routes follow lengthy procedures, require multistep preparations of a special reagent, and/or involve expensive
chemicals. Therefore, a simple and facile synthesis of this important class of compounds from easily accessible
starting materials would be of great interest.

In the course of our studies on the carbon-carbon bond formation by the use of transition metal catalyzed
Grignard reactions3:4, we have recently devised a new route for the synthesis of symmaetrical and unsymmaetrical
ketones based on two sequential cross-coupling reactions between the commercially available S-phenyl

carbonochioridothivate and Grignard reagents in the presence of nicksl{il} or iron{lll} complexes as catalysts4;
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As an extension of this work we now wish to report a simple and short route to 1,4-ketoaldehydes and

1,4-diketones according to the following Scheme’:
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TABLE: Yields of products 1-32
R R 1(%) 2(%) 3(%)
H 85
Me 80

H n-CgHqg 85 95

5-C4Hg 90 90

H Ph 73 88

Me n-C4Hg 97 90

Me n-CgH13 93 92

Me s-C4Hg 93 88

Me Ph 75 90

Me Z-CoH5CH=CHCoH4 a3 86

2Yields of isolated purified products. All compounds show satisfactory spectral data (NMR, MS).

The starting point for our synthesis of 1,4-ketoaldehydes 3 (R=H) was the selective cross-coupling
reaction between S-phenyl carbonochloridothicate and the Grignard reagent prepared from commercial 2-(2-

bromoethyl)-1,3-dioxolane®, in the presence of catalytic amounts of dichloro{1,2-bis(diphenylphosphino)ethane]
nickel(!l), Ni(dppe)Clo. In the subsequent step the intermediate 17was reacted with several Grignard reagents in

the presence of catalytic amounts of tris(acetylacetonate)iron(lll), Fe(acac)g, yielding various 1,4-ketoaldehyde

ethylene acetals 2, which were converted into 1,4-ketoaldehydes 3 by deacetalization with dilute hydrochloric

acid solution8.
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The synthesis of 1,4-diketones 3 (R=Me) was carried out by a similar sequence of reactions. The Grignard
reagent was prepared from 2-(2-bromoethyl)-2-methyl-1,3-dioxolane®, which in turn was obtained from methyl
vinyl ketone, ethylene glycol, and hydrogen bromide by a known proceduree. Then two sequential cross-coupling
reactions with Grignard reagents on S-phenyl carbonochloridothioate were carried out, as described in the
Scheme, to give half-protected diketones 2, which were subjected to the hydrolytic cleavage of the dioxolane
ring8 yielding various 1,4-diketones 3. Thus, as shown in the Table, our procedure represents a powerful and
general three-step synthesis of 1,4-ketoaldehydes and 1,4-diketones in good overall yield starting from readily
available reagents. Furthermore, this work opens a simple methodological path for the construction of substituted
cyclopentenones. In fact, by using this method, we have easily synthesized in four steps and in good overall yield
target molecules such as Z-jasmone and dihydrojasmone, important perfumery constituents!.

The following procedure for the synthesis of Z-undec-8-ene-2,5-dione 3 (R=Me, R'=Z-CoH5CH=CHC2Hy),
well known precursor of Z-jasmone, is representative. A 0.94 M freshly prepared solution of 2-(2-methy!-1,3-
-dioxolan-2-yl)ethylmagnesium bromide in THF (16 ml, 15 mmol) was added dropwise, under nitrogen, to a
stirred solution of freshly distilled S-phenyl carbonochloridothioate (1,3 g, 7.5 mmol) and Ni(dppe)Clo {0.24 g,
0.45 mmol) in 50 ml of dry THF at 0° C. After stirring for 1h at this temperature, the reaction mixture was
quenched with water and the organic phase was extracted with ether, washed with brine, dried over NaySOy4, and
evaporated under reduced pressure. Flash chromatography of the residue on a silica gel column, eluting with light
petroleum/ether (80/20), afforded the pure compound 1 (R=Ms, 1.5 g, 80%)7 which was directly used in the
subsequent step without further purification. A 0.8 M freshly prepared solution of Z-3-hexenylmagnesium
iodide10 in ether (15ml, 12 mmol) was added dropwise, under nitrogen, to a stirred solution of 1 (R=Me, 1.5 g, 6
mmol) and Fe(acac)3 (0.13 g, 0.36 mmol} in 75 ml of dry THF at 0° C. After stirring for 30 min at this
temperature the reaction mixture was quenched with water and the organic phase was extracted with ether,
washed with NaOH 10%, brine, dried over NasSO4, and evaporated under reduced pressure. Flash chromato-
graphy of the residue on a silica gel column, eluting with light petroleumv/ether (80/20), afforded the pure Z-1-
-(2-methy!-1,3-dioxolan-2-yl)non-6-en-3-one 28 (R=Ms, R'=Z-CoH5CH=CHCoH4, 1.25 g, 93%).The hydrolysis
of the ketal function was performed by stirring 2 in acetone (60 ml) containing a catalytic amount (3-4 drops) of
3 M HCI solution for 7h at room temperature. After evaporation of the acetone, the residus was extracted with
ether. The ether extracts were washed with brine and dried over NapSQO4. Removal of the solvent followed by
distillation gave Z-undec-8-ene-2,5-dione (0.87 g, 86%), b.p. 136-137° C/2 torr (lit.11:138-141 °C/3 torr).

Base catalyzed cyclization12 of the latter compound afforded Z-jasmone (0.7 g, 88%, b.p. 102-103°C
/0.5 torr) which was spectroscopically (NMR, MS) identical to an authentic sample. The overall yield based on S-
-phenyl carbonochloridothioate was 56%. Careful GLC analysis on a SE 30 capillary column, 30 m, showed a Z/E
ratio of 98/2 which is comparable to the isomer ratio in the starting Z-3-hexen-1-ol used for the synthesis of Z-
-3-hexen-1-yl iodide. This indicate that Zto E isomerization does not accompany the synthetic procedure.

The synthesis of the second target compound, dihydrojasmone!3, was accomplished in a similar way and
in 80% overall yield by using n-hexylmagnesium bromide as a reagent in the second step. )

The main advantage of the present methodology is that the target molecules can be obtained in high purity
and in good overall yields by a very short procedure using easily accessible chemicals. Now, we are continuing our
efforts in exploring the application of our methodology to the synthesis of other valuable intermediates and natural

products.



3590

Acknowledgements We thank Mr M. Di Felice and Miss A. D'Etltole for preliminary experiments. This work
was supported in part by Ministero della Pubblica Istruzione (Rome).

References and Notes

1) (a) R. A. Ellison, Synthesis, 1973, 397; (b) E. Wenkert, Acc. Chem. Res. 1980, 13, 27, (c) P.J. Brown,
D.N. Jones, M.A. Khan, N.A. Meanwell, and P.J. Richards, J. Chem. Soc. Perkin Trans I, 1984, 2049, and
references cited therein.

For recent examples see: F. Ogura, T. Otsubo, T. Sakamoto, and H. Yamaguchi, Bull. Chem. Soc. Jpn., 1984,

L

57, 1691; O.G. Kulinkovich, 1.G. Tuschenko, and N.V. Masalov, Synthesis, 1984, 886; M. Miyashita, T.
Yanami, T. Kumazava, and A. Yoshikoshi, J. Am. Chem. Soc., 1984, 106, 2149; A.V. Rama Rao, V.H.
Deshpande, and S. Reddy, Synth. Commun., 1984, 14, 469; G. Rosini, M. Petrini, and P. Sorrenti,
Tetrahedron, 1984, 40, 3809; M. Kosugi, I. Takano, M. Sakurai, H. Sano, and T. Migita, Chem. Lett., 1984,
1221; C. Boga, D. Savoia, C. Trombini, and A. Umani-Ronchi, J. Chem. Res. (S), 1985, 226; M. Mikolajczyk
and W. Midura, Nouv. J. de Chimie, 1986, 10, 567; P. Wijkens and P. Wermeer, J. Organomet. Chem., 1986,
301, 247; R.M. Moriarty, R. Penmasta, and |. Prakash, Tetrahedron Lett, 1987, 28, 873; H. Ahlbrecht and
A. von Daacke, Synthesis, 1987, 24; N. Ono, M. Fujii, and A. Kaji, Synthesis, 1987, 532.

3) For reviews ses: F. Naso and G. Marchese, in: The Chemistry of Functional Groups: The Chemistry of Halides,
Pseudo -Halides, and Azides, S. Patai, Z. Rappoport (eds), Suppl. D, Wiley, New York, 1983, 1353; F. Naso,
Pure Appl: Chem., 1988, 60, 79.

4) (a) V. Fiandanese, G. Marchese, and L. Ronzini, Tetrahedron Lett, 1983, 24, 3677; (b) V. Fiandanese, G.
Marchese, V. Martina, and L. Ronzini, Tetrahedron Lett., 1984, 25, 4805; (c) C. Cardellicchio, V.
Fiandanese, G. Marchese, and L. Ronzini, Tetrahedron Lett., 1985, 26, 3595; (d) C. Cardellicchio, V.
Fiandanese, G. Marchese, and L. Ronzini, Tetrahedron Lett, 1987, 28, 2053.

5) A 2/1 molar ratio of Grignard reagent to substrate was used to ensure complete reaction; 3 mol% of Ni(ll) or
Fe(lll) catalysts with respect to the Grignard reagent were used.

8) C. Boga, D. Savoia, C. Trombini, and A. Umani-Ronchi, Synthesis, 1986, 212.

7) 1 (R=H): b.p. 130-131° C/0.5 torr; TH-NMR (90 MHz, CDCI3/TMS): & 2.03 (dt, 2H, J=7.6, 4.2 Hz), 2.73 (1,
2H, J=7.6 Hz), 3.60-3.95 (m, 4H), 4.88 (t, 1H, J=4.2 Hz), and 7.35 ppm (s, 5H); MS m/z (%): 129 (100),
109 (17), 85 (57), 73 (23), 45 (30). 1 (R=Me): b.p. 134-135° C/0.5 torr; TH-NMR (90 MHz, CDCI3/TMS):

0 1.29 (s, 3H), 2.03 {, 2H, J=7.6 Hz), 2.71 (t, 2H, J=7.6 Hz), 3.89 (s, 4H), and 7.35 ppm (s, 5H); MS
m/z (%): 237 (2), 143 (97), 109 (22), 99 (97), 87 (29), 43 (100).

8) T. Sato, T. Kawara, K. Sakata, and T. Fujisawa, Bull. Chem. Soc. Jpn., 1981, 54, 505.

9) A.A. Ponaras, Tetrahedron Lett., 1976, 3105.

10) Prepared from Z-3-hexen-1-y| iodide which was derived from the commercially available Z-3-hexen-1-ol
(known as "leaf alcohol” and having more than 98% of isomeric purity) according to a known procedure: M.C.
Musatto, D. Savoia, C. Trombini, and A. Umani Ronchi, J. Org. Chem., 1980, 45, 4002.

11) G. Rosini, R. Ballini, and P. Sorrenti, Tetrahedron, 1983, 39, 4127.

12) G. Buchi and H. West, J. Org. Chem., 1966, 31, 977.

13) The spectral data were in full agreement with those reported in the literaturec,

(Received in UK 6 August 1987)



