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Data of 7: colourless liquid. IR (film): 1680s.
MS: 191 (3, M), 148 (100), 130 (13), 149 (11),
120(9),92 (7), 118 (6), 133 (5), 65 (4). 'H-NMR
(360MHz,CDC1,):0.97,1.01(2¢,/=7,2xCH,);
1.62 (m, CH,); 1.76 (m,CH,); 2.80 (m,CH,); 2.90
(t,/=17,CH,); 7.19(d, /=5, H-C(5)); 8.54 (d,J
= 5, H-C(6)); 8.82 (s, H-C(2)).

1-(4-Propylpyridin-3-yl)butan-1-o0l (8). A
soln. of NaBH, (10 g, 0.26 mol) in H,0 (100 ml)
was added at r.t. to a soln. of 7 (19.1 g, 0.10 mol)
in MeOH (120 ml). The mixture was stirred for 4
h at r.t., the solvents evaporated, and the residue
dissolved in H,O. The product was isolated by
extraction with Et,O followed by bulb-to-bulb
distillation (130°/0.01 Torr). Yield: 16 g(83%) of
8.

Data of 8: colourless oil. IR (film): 3300 (br.
s), 1590m. "H-NMR (60 MHz, CDCl,): charac-
teristic signals at 4.6 (br., | H, disappears with
D,0, OH); 4.94 (m, H-C-0). MS: 193 (6, M),
150 (100), 132(54), 117 (93), 151 (11), 118 (10),
91 (8).

1-(4-Propylpyridin-3-yl)butyl Acetate (9).
This acetate was obtained in quant. yield by
acetylation of 8 with Ac,O/pyridine (1:1) (r.t,

overnight), followed by bulb-to-bulb distillation
(120°/0.01Torr).

Data of 9: colourless oil. IR (film): 1745,
1245s. "H-NMR (60 MHz, CDCL,): characteris-
tic signals at 2.05 (s, Ac); 6.02 (dd, /=8, 6, H-C-
0). MS: 235 (M, <1), 43 (100), 45 (86), 60 (56),
150 (26), 132 (11), 175 (7).

Pyrolysis of Acetate 9. A soln. of acetate 9
(6.47 g, 27.5 mmol) in toluene (30 ml) was
pyrolyzed at 500° at ca. 20 Torr in a slow stream
of Ar in a pyrolysis tube packed with quartz
fragments. The crude pyrolysate was subjected to
bulb-to-bulb distillation to give 3.5 g (72%) of 3/
4 (1:5). The pure isomers were isolated by GC
(silicone, 200°), 3 being eluted first.

Data of 3: colourless oil. IR (film): 1630w,
1580m, 1545w, 825m. MS: Fig. 2. "H-NMR (360
MHz, CDCl,): 0.94 (1, /=7, CH,(3")); 1.01 (¢, J
= 1.5, CH,(4")); 1.59 (m, CH,(2"); 2.13 (m,
CH,(3");2.54 (1, J=7.5, CH,(1")); 5.82 (td, ] =
7.5, 11, H-C(2Y); 6.37 (br. d, J = 11, H-C(1");
7.09 (d,J=5,H-C(5)); 8.34 (s, H-C(2)); 8.37 (d,
J =35, H-C(6)).

Data of 4: colourless oil. TR (film): 1640w,
15855, 1545w, 960s, 830m. MS: practically iden-
tical with spectrum of the (Z)-isomer. TH-NMR
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(360 MHz, CDCl,): 0.97 (¢, /=7, CH,(3")); 1.12
(1, = 7.5, CHy(4)); 1.62 (m, CH,(2")); 2.27 (m,
CH,(3); 2.61 (¢, J = 7.5, CH,(1"}); 6.19 (¢td, J =
6.5, 16, H-C(2); 6.51 (br. d, J = 16, H=-C(1"));
7.02 (d, J = 5, H-C(5)); 8.33 (d, J = 5, H-C(6));
8.57 (s, H-C(2)).
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Abstract. Acetoxymaleic anhydride (AMA) has been shown to be a versatile ketene
equivalent in the Diels-Alder reaction for the conversion of 1,3-dienes into cyclohex-
anones. The new transformation has been applied to an alternate synthesis of methyl
cis-dihydrojasmonate, an important jasmine fragrance, and to several model systems.

Six-membered ring compounds can-
not be obtained from simple ketenes and
1,3-dienes via a [4+2] cycloaddition reac-
tion, since ketenes undergo exclusively
[2+2] cycloaddition leading to four-mem-
bered ring structores instead. Therefore,
synthons which are equivalent to ketenes

*Correspondence: Prof. E. Wenkert, Dr. F. Nif
a) University of California — San Diego
Department of Chemistry (0506)
9500 Gilman Drive
La Jolla, California 92093, USA
b) Firmenich SA
Research Laboratories
P.O. Box 239
CH-1211 Geneva 8

Scheme 1

but react in a [4+2] mode with 1,3-dienes
are most useful building blocks [1].

In this publication, we describe the use
of acetoxymaleic anhydride (AMA, 1) |2]
as ketene equivalent in the Diels-Alder
reaction (Scheme I).

The known reaction of AMA (1) with
cyclopentadiene 2 gave the adduct 3 (82%)
[3]. It was assumed that acetoxyglutaric
anhydride 3 or its dihydro derivative 4
would undergo hydrolytic decarbonyla-
tion in analogy to the behavior of o-oxy-
acids, which lose CO upon acid treatment
forming carbonyl compounds [4] (Scheme
2). When the saturated acetoxyglutaric
anhydride 4 [5] was treated with 96%
H,SO, between 5 and 20°,a42:58 mixture
(57%) of 5a and 5b, was obtained (Scheme
1). Acid-catalysed decarboxylation of the
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To further test the scope and limitation

Scheme 2
OAc
QAc + OAc
H* 0 —CO
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i COOH ii COOH
0
—_— and/or COOH
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COCH
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of the reaction sequence of Scheme 1, it
was applied to various 1,3-dienes. The
results are summarised in the Table. The
following general experimental procedures
were used.

A) Diels-Alder Step. AMA (1;0.1 mol)
was added at room temperature to a solu-
tion of the diene (0.2 mol) in 250 ml of
solvent (benzene or toluene) under Ar.
The mixture was stirred either at room
5b temperature, at reflux temperature, or in a
sealed tube for a given time (for specific
conditions see Table). The reaction mix-
ture was concentrated under vacuum and
chromatographed over silica gel (hexane/
Et,0).

B) Hydrogenation Step. A mixture of
the Diels-Alder adduct (0.2 mol) and ca. 5

5a/b mixture produced norbornan-2-one
6 (72%).

Unfortunately, the initial Diels-Alder
adduct 3 gave no decarbonylation and
furnished only lactone 7, m.p. 180-184°
(dec.).

Toillustrate the utility of the new meth-
od (Scheme 1), it was applied to the syn-
thesis of methyl cis-dihydrojasmonate, a
key constituent of the commercial jasmine
fragrance Hedione® [6], the thermody-
namic mixture of methyl cis- and rrans-
dihydrojasmonate (8a and 8b ~96:4) [7].
Odor evaluation has demonstrated clearly
the cis-isomer to be much stronger, thus
emphasizing the importance of direct ac-
cess to 8a [8].

Diels-Alder reaction of fulvene 9 [9]
[10] and AMA (1) in benzene furnished in
65% yield a mixture of the four isomeric
cycloadducts 10a, 10b, 10c, and 10d
(1:1:1:1; Scheme 3). Subsequent catalytic
hydrogenation gave the two isomers 11a
and 11b (1:1) which, upon treatment with
96% H,S0, followed by decarboxylation,
led to 98% pure syn-7-pentylnorbornan-2-
one (13) [11] (the yields being 68% from
pure 11a and 74% from pure 11b). Bayer-
Villigerreaction (40% AcO,H (10equiv.),
96% H,SO, (3.4 equiv.), 18 h at room
temperature) of ketone 13 gave in 67%
yield an inseparable mixture (7:3) of de-
sired lactone 14 [11] and undesired lac-
tone 15. Alternative methods (m-chloro-
perbenzoic acid/CHCIl,, reflux; 35%
AcOOH/AcOH/CH,CI,) left the starting
material unchanged. A reaction sequence
[11] of saponification, esterification, and
oxidation finally led to an easily separable
mixture (by flash chromatotography on
silica gel) of methyl cis-dihydrojasmonate
8a (containing 6% 8b, 57% yield of 8a/b
based on 14) and 16.

Scheme 3
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Reagents: a) AMA (1), 13 h/50° and 19 h/80°; b) H,/Pt, 60 psi, AcOH; c) 96% H,S0,, 5° —»
25°; d) AcOH, 2 h reflux; ) 40% AcOOH (10 equiv.)/AcOH/H,SO, (3.4 equiv.), 18 h/25°; f)
KOH/CH,OH, — CH,N, — PCC/CH,CI,/AcONa.
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Table. Reaction of AMA (1) with Various Dienes, Followed by a Hydrogenation/Decarbonylation-

Hydrolysis/Decarboxylation Reaction Sequence

Entry Diene  Method  Diels-Alder Adduct Method Final Product
[yield] [yield)
1 A OAcO
: . o
2 28hM10° - ‘k - B.C
benzene, 0(49%) (76%)
>~ sealed |(
tube o
. oAcY
2 A0 251 h/110° IL BC ©
benzene 0 (31%) (43%)
~ sealed l‘(
tube o)
3 OAcO
A: . -L - —~
24 h/110° 0 (4-7%)
:;::Ize%ne, IF polymers
(o]
OAc* tube OAc ¢
4 N A e B C COOH
& 5 h/110° I3 )
toluene, 0 (76%) (ca. 15%)
= reflux - cO0H
(o]

) Z/E ratio 1:2.
%) Z/E ratio 3:7.

mg of 5% Pd/C in 200 ml of AcOEt was
hydrogenated at room temperature and
atmospheric pressure. It was filtered, con-
centrated and, if necessary, chromato-
graphed.

C) Decarbonylation and Decarboxy-
lation Steps. The hydrogenated Diels-Al-
deradduct (0.05 mol) was added atonce to
a stirred solution of 96% H,SO, (100 ml)
at 5°. The temperature was allowed to rise
to 20° and stirring was continued until gas
evolution had stopped completely (after
formation of ca. 0.05 mol CO). The mix-
ture was poured onto crushed ice, extract-
ed (AcOEt), washed (brine), dried
(Na,S0O,), and concentrated under vacu-
um. The resulting keto-acid was dissolved
in glacial AcOH (120 ml) and heated at

reflux temperature for 2 h. The mixture
was diluted with pentane and the layers
were separated. The pentane phase was
washed with sat. Na,CO; and brine to
neutrality. The pentane extract was dried
(Na,S0O,), concentrated and distilled.

It follows from the Table and from the
preceeding experiments that AMA (1) is
only a moderately reactive dienophile not
undergoing any preparatively useful reac-
tions with unreactive dienes such as cy-
clohexa-1,3-diene, but reacting well with
reactive dienes such as cyclopentadiene
and 1-acetoxybuta-1,3-diene. Attempts to
prepare the presumably more reactive di-
enophiles tosyloxymaleic anhydride and
trifluoroacetoxymaleic anhydride failed.
The relatively vigorous conditions needed
for the decarbonylation of the acetoxyglu-
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taric anhydrides is not compatible with
labile structures such as in Entry 4. In the
latter case only double elimination of
AcOH and hydrolysis of the anhydride,
giving phthalic acid was observed. Rea-
gents alternative to 96% H,SO, (e.g. var-
ious Pd"", Rh!, Ru'! complexes) were also
tried, but gave unfavourable results.

We are indebted to W. Thommen and R. Brauchli
for measurement of the NMR spectra and to L.
Lotterio for skilful experimental work.
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