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A Simple and Efficient Route to 2-Alkyl-2-alkenoic
Acids and 2-Phenyl-2-Alkenoic Acids by the Horner Syn-
thesis. Application to the Stereoselective Synthesis of the
Pheromone Manicone
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CNRS 486, B.F. 239, F-54506 Vandocuvre-les-Nancy Cedex, France

A general synthesis of a-branched a,f-unsaturated carboxylic acids is
described. A Horner reaction of 2-dicthoxyphosphorylalcanoic acid dianions
(lithium o-lithiocarboxylates) with carbonyl compounds is used. The reaction
is applied to the stercosclective synthesis off Manicone.

Some years ago’ 2 we developed a highly efficient synthesis of
2-alkenoic acids and 2-chloro-2-alkenoic acids by the two
carbon homologation of aldehydes and ketones using the
reagents diethoxyphosphorylacetic acid 1 and diethoxy-
phesphorylchloroacetic acid, 2, respectively.
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The synthesis of 2-alkenoic acids by the Horner reaction has
also previously been achieved using dibenzyloxyphosphoryl-
acetic acid® and trimethylsilyl dicthoxyphosphorylacetate®.
A recent publication mentions the preparation of chain-
functionalized 2-alkenoic acids from ethyl diethoxyphos-
phorylacetate by a Horner reaction in heterogeneous media
of low basicity”.

The direct svnthesis of 2-alkenoic acids substituted in the 2-
position with an alkyl or a phenyl group (5) by a Horner
synthesis has not yet been described to our knowledge.
We have now found that 2-diethoxyphosphorylalcanoic
acids (3; R' = CH,, n-C3H4, n-CH,, CHs), for which we
have recenty reported a general preparation®, are very
convenient reagents for the one step synthesis of 5 from
carbonyl compounds.
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2-(Dicthyloxyphosphorylalcanoic acids 3 are converted to
their dianions (lithium a-lithiocarboxylates) 4 by treatment
with #-butyllithivm in a mixture of hexane-tetrahydrofuran
at — 60°C. After addition of the carbony! compound at this
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Table. 2-Alkyl-2-alkenoic Acids and 2-Phenyl-2-alkenoic Acids 5 Prepared.

5 R! R? R*  Yield E;Z Molccular Formula®  m.p. or b.p. "H-NMR (CCL,/'TMS)* or
[%] ratio or Lit. m.p. or b.p. [Cl (CCly/DMSO-d,; TMS)
[¢] d [ppm]
a  CH,  3-Cl—C H,* Ho 73 1000 m.p. 106'° m.p. 106 202 (d, J =131, 3H) 7.0-8.0
) (m, 6H)
b CH, 3.4-methylene- H 90" 100/0 m.p. 200-20111 m.p. 200 2.4 (s, 3H); 6.3 (5. 2H): 7.2(s, 311,
dioxyphenyl 7.8 (s, 1H); 9.8 (s. 1H) ‘ ‘
¢ CHy  4H,COCJH,— H 53 100/0 mp 158" m.p. 159 206 (d, J=1.3Hs 3H); 38 (s,

3HD); 6.7-7.5 (2d. J = 8.7, 8.7 Hz,
4FH); 7.6 (s, 1H); 9.3 (s, 1H)

d  CH, CHy=CH=CH~ H  73** {00/0 m.p. 100 10113 m.p. 100 1.9 (s, 611): 5.9-6.7 (m, 2H); 7.0
' (£) 7.4(d,J =931z 1H): 12.5(s, 1H)
e CH, i-C, 1, H 71 87/13b.p. 115117/ b.p. 88-92/  (E) 1.04 (d. J = 6.7 [z, 61D); 1.82
" ‘ 15 torr' 1.510rr (d. J=13Hz 3H): 2.3 3.0 (m,

1H); 6.7 (dd. J = 10, 1.3 Hz. 111)
(Z)1.0(d.J = 6.7 Hz, 6 H); 2.17 (d,
J=13Hyz 3H); 3.4 3.8 (m. 1H);
5.8 (dd, J =10, 1.3 Hz, 1H)

f CHy  sCili, H 81 86/14b.p. 85 87/ bop. 73 75/ (E)1.8(d,J = 1.3 Hz 3H): 2.0 2.7

0.5 torr®? 0.2 torr (m, TH). 6.7 (d. J = 10 Hz. 1 I))

(Z) 2835 (m. 1H) 5.8 . J
= 10 Hz, 1 H)

g CH, 1-CyHy H 86 100/0 b.p. 123/15 torr b.p. 84 86/ 126, 9H): 1.9(d, J = 1.3 1z 31):
0.1 torr 6.9 (m, 1H); 12.6 (s. 111}
h CH, ~—(CH;)s— 40 - m.p. 8§33 m.p. 83 1.6(5, 61D 1.9(s. 311); 2.26 (s, 2 11);
2.64 (s, 211); 12.6 (s. 1 H)
i n-C3H,  CgH, H 76 100/0 m.p. 93'¢ m. p. §2°¢ 10 J =67 Hz 31); 1.2-2.0 (m,
2H);2.2 2.8 (m. 2H); 7.35 (s, S1);
7.82 (s, TH), 125 (s, LHD
i n-CyH,  i-CLH, H 65 65/35C,H,,0, (152.2) b.p. 8993/ (E)1.04 (d. J = 6.7 Hz 611): 6.7 (d.
0.5torr J =10 Hz, 1)

(Zy1.0(d, J = 6.7 Hz, 6 H); 3.0--3.5
(m, TH); 5.7 (d. J = 10 Hz, | H)

k n-CsH,, C.Hs H 62*  100/0 m.p. 801 m.p. 80 0.6-2.0 (m, 9H): 2.2-2.8 (m, 2 H):
T3(s, SH): 7.7 (s, 1H); 12.6 (s, 1 H)

I n-CsHyy i-C,H, Hoo7 50/50CH,,0, (184.3) b.p.89-93/  (E)6.7(d, J=10Hzs 111)
0.1 torr (7)5.75(d,J = 10 Hz 1 H); 3.0 3.7
(m, 1H)
m CH;  iCH, H o o' 100/0 C,,H,,0, (190.2) m.p. 132 1.0(d.J = 6.7 H7, 6 H): 2.0-2.8 (m.

TH);6.9(,J=10Hz 1H):7.0 7.5
(m, SH); 12.4 (s, 11D
n CoH, n-C3H, H 584 100/0 m.p. 7117 m.p. 72 0.9, J = 6.7z 3H); 1.1-1.8 (m,
2H); 1.8-2.3 (m, 2H); 6.9-7.5 (m,
6H); 12.6 (s. 1H)
m.p. 173 6.9-7.5 (m, 11H); 7.8 (s. 1 H)

0 C,Hs  C.H. H o 53 100/0 m.p. 172 1748

Yield of recrystallized products.
Microanalyses obtained: C +0.33, H +0.20.
Only characteristic chemical shifts arc given in the cases of mixture of Z- and E-isomers (Se, Sf, 5j, 51). The E-isomer gave a doublet (with
further fine splitting) for the C-3 vinyl proton at 6.7 whereus the signal for the Z-isomer appeared at § 5.7-5.8. The C-4 altylic proton
appeared as multiplet at § 3.0-3.8 for the Z-isomer and 6 2.0 2.8 for (he Eisomer. The overlap of the remaining signals precluded further
assignments.

E, E-isomer.

There is a great difference between the literature data and the melting point reported here.

Ci;H Oy cale. € 7577 H 742

(190.2) found 75.48 7.43

temperature and subsequent hydrolysis, 2-alkyl or 2-phenyl-  In all the cases studied, the dianions 4 only react with the
2-alkenoic acids 5 and diethyl hydrogen phosphate are more reactive carbonyl compounds. With aliphatic or
obtained. aromatic aldehydes, the reaction gives good yields of
The diethy! hydrogen phosphate is easily separated from the alkcnolg acids 5, whereas with ketones the reaction h'as no
carboxylic acid 5 if acids 5 are insoluble (S5a, 5b. S¢ synthetic value. Only cyclohexanone reacts to give 5 in the
i, 5k, Sm, 5n, 50) filtration is used; if they are soluble 45¢ vwhere R]l's me thyl, but in poor yield. With the same
in the acid medium (5d, Se. 51, Sg. 5h, 5, 51), the reaction  didnion (4, R! = CH,). attempts with butanone. benzo-
mixture is adjusted to pH 4. and the carboxylic acid 5 is ex- phenone, 6-methyl-S-hepten-2-one and pseudoionone failed.
tracted selectively. With aromatic aldehydes the reaction is totally stereoselective
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and gives only the E-isomers, but the 2-alkenoic acids §
obtained from aliphatic aldehydes are mixtures of the Z- and
E-isomers in which the E-isomer predominates. We observe
that the relative amount of the Z-isomer becomes greater
when the alkyl group E' becomes sterically bulky
(5e, 5j, 51). Moreover, it is worth noting that with aliphatic
aldehydes the E-isomers predominate. When the methyl 2-
diethoxyphosphoryl propanoate is used as the Horner
reagent instead of 3, the reaction lcads to corresponding
methylesters of 5, mostly with a Z stereochemistry’.

To demonstrate the synthetic utility of our method, we have
applied it to the synthesis of Manicone, the principal alarm
pheromone of certain species of Manica ants. This phero-
mone was isolated from the mandibular glands of M. Mutica
and M. Bradieyi and identified as (E)-4,6-dimethyl-4-octen-
3-one® 1°, (E)-6.

Manicone, (£)-6 was prepared from methyl-2-butanal and
from the dilithium dianion 4 (R' = CH,) as shown.
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The mixture of carboxylic acids (E)-5f and (Z)-5f, in which
the E-isomer again predominates [(E)-5f/(Z)-5F, 86:14 by
NMR analysis], was converted to the corresponding acid
chloride mixture with thionyl chloride. This was then treated
with lithium diethylcuprate to give (£)-6 and (Z)-6 in 84 %
vield for the two steps sequence. The major isomer is the E-
isomer [(E)-6/(Z)-6, 83:12 by NMR analysis] and shown to
be identical with Manicone by comparison with published
NMR and IR data®.

This route to Manicene is very attractive because it is much
simpler and faster than other methods previously described
and gives the pheromone (£)-6 with high siereoselectivity.

2-Alkyl- or 2-Phenylatkenoic Acids 5; General Procedure:

A 2.6 molar solution (16 ml, 42 mmol) of butyllithium in hexane is
added to tetrahydrofuran {7¢ml) at —60°C followed by the
dropwise addition at this temperatarc of dicthoxyphosphoryl
alcanoic acid 3 (20 mmol) in tetrahydrofuran (20 ml). After 30 min.
stirring at — 60°C (R* s CH,, C4H;) or 60 min. stirring at — 60°C
(R} = n-C,H,, n-CsH,,) the carbonyl compound (20 mmol) in
tetrahydrofuran (10 ral) is added dropwise at — 60°C. Stirring is
continued for 1 h at — 60°C; the reaction mixture is then allowed to
warm to room temperature. Afier an additional 3 hours stirring to
complete the reaction (for an aldechyde or 15 hours for the
cyclohexanone) the mixture is hydrolyzed with water (50 ml), the
organic layer is washed with 10% aqueous hydrogen sodium
carbonate solution (2x25ml), and the combined agueous layers
washed with ether (2 x 50 ml).

SYNTHESIS

- If the carbonyl compound is aromatic or if R* = C4Hj, the aqueous

phase is acidified to pH 1 with 6 normal hydrochloric acid; the
alkenoic acids § precipitate under these conditions. After filtration,
the precipitate is washed with water, further dessicated under
vacuum, and reerystallized from ethanol/water.

If the starting carbonyl compound is aliphatic and R' = alkyl, the
aqucous layer is acidified dropwise to pH 4 (controlled by a pH-
meier), saturated with sodium chloride and extracted with ether
(3 x50 ml). After drying with magnesium sulfate, the solvent is
evaporated under reduced pressure to leave the crude 2-alkenoic acid
as an oil, which is purified by distillation in vecuo or by
recrystallization.

Manicone (F)-6:

2,4-Dimethyi-2-hexenoic acid (5f) is obtained exactly as described
above; yield: 81% after distillation [(#)-5f/(Z)-51, 86:14].

A solution of this 5f isomer mixture (2.5 g, 18 mmol) is added to
freshly distilled thionyl chloride (4.3 g, 36 mmol) in benzene (10 ml).
The mixture is refluxed for 2 h and then concentrated under reduced
pressure to give the 2.4-dimethyl-2-hexenoyl chloride as an oil,
which is used in the next step; yield: 2.8 g (~ 100 %).

To a soluticn of lithium diethylcuprate (25 mmol) in ether (50 mi),
the 2.4-dimcthyl-2-hexenoyl chloride (2.8 g, 18 mmol) is added
dropwise with stirring at — 78°C. The mixture acquires a brown
color. After stirring for 15 min. at — 78°C, methancl (2.7 mi) is
added and the solution is allowed to warm to room temperature,
Then, a solution of aqueous saturated ammonium chloride (40 ml) is
added. The product is extracted with ether (2 x 50 mt), the combined
organic layers arc dried with magnesium sulfate, and the solvent is
removed under reduced pressure. The residue is purified by
distillation in vacuo; yield (F)-6 -+ (7)-6: 2.4 g (84%%) [(E)-6/(Z2)-6.
88:12]: b.p. = 74-76°C/12 torr.

'"H-NMR (CCI,/TMS): (E): 6 = 0.9 (t, J = 7.0 Hz, 3H), 1.02 (d.
J =T.0Hz 3H), 1.06 (1, J = 7.0 Hz, 3H), t.4 (m, 2H), 1.73 .
J = 1.3Hz.3H),2.4(m, 1 H),2.59(q.J = 7.0 Hz, 2 H), 6.24 ppm (d.
J =10 Hz, 1H).

(Z): & = only a very weak signal at 5.22(d, | H) reveals the presence
of the (Z) isomer

Received: February 6, 1986

Coutrot. P., Snoussi, M., Savignac, P. Synthesis 1978, 133.

Savignac. P, Snoussi, M., Coutrot, Ph. Synth. Commun. 1978, 8.

19.

Koppel, G.A., Kinnick, M.D. Terrahedron Leti. 1974, 9, T11.

* Lombardo, L., Taylor, R.J. K. Synthesis 1978, 131.

5 Villieras, J., Rambaud, M., Grafl, M. Tetrahedron Lett. 1985, 26,

53.

Coutrot., P, Ghribi, A. Synthesis 1986, 661.

7 Etemad-Moghadam, G., Seyden-Penne, ). Tetrahedron 1984, 40,

51353,

Kocienski, P.J.. Ansell, J. M., Osirow, R.W. J. Org. Chem. 1976,

41, 3625.

Katzenellenbogen, J. A., Utawanit, T. J. 4m. Chem. Soc. 1974,

96, 6153.

von Miller, W., Rhode Ber. Disch. Chem. Ges. 1890, 23, 1887.

' Gehrecker, A.W., Hartwell, J. L. J. Am. Chem. Soc. 1954 76,4896

12 Hobday, G.L, Short, W.F. J. Chem. Soc. 1943, 609.

13 yon Auwers, K.V., Heyna, J. Justus Liebigs Ann. Chem. 1924,
434, 140.

14 Hacussler, H.. Dijkema, J. Ber. Disch. Chem. Ges. 1944/46.
77179, 604.

'S Kandiah, A., Linstead, R.P. J. Chem. Soc. 1929, 2139

16 Bogert, M. T,, Davidson, D. J. 4m. Chem. Soc. 1932, 54, 334.

17 phalnikar, N. L., Nargund, K.S. J. Indian Chem. Soc. 1937, 14,
736.

'8 Buckles, R.E., Bremer, K. Organic Syntheses, Coll. Vol. 1V, 1963,
777.

19 Alexakis, A., Commergon, A., Coulentianos, C., Normant, J. F.
Tetrahedron 1984, 40, 715,

w

6

&

x

&

10

Downloaded by: Boston University. Copyrighted material.



