
FORSCHUNG 93
CHIMIA 4~ (1992) Nr, 4 (Aprill

Chimia 46 (1992) 93-95
© Schweiz. Chemiker- Verband; ISSN 0009-4293

New Pyridine Derivatives
from Essential Oils

Bruno Maurer* and Arnold Hauser

Abstract. Four new pyridines 1-4 have been isolated from jonquil absolute and their
structures confirmed by synthesis. These pyridines also occur in other essential oils.

abs. and were, therefore, isolated from this
source by prep. Gc.

The 'H-NMR spectrum of the first
compound confirmed the empirical for-
mula C9H'IN (11 H-atoms) and suggested
the structure 1: the 3-substituted pyridine
ring was indicated by four signals (1 H
each) at 7.25,7.57,8.44, and 8.53 ppm,
whereas the remaining signals were in
good agreement with a (Z)-but-l-enyl side
chain (coupling between the olefinic pro-
tons 11.5 Hz).

The structure was confirmed by syn-
thesis (Scheme 1). The Wittig reaction of
3-pyridinecarbaldehyde (5) with tri-

Introduction ReI. Abundance

For many decades, the Geneva-based 100
/118

perfume and flavour company Firmenich

~
has invested considerable research effort
into the chemical analysis of essential oils 80 N

and other perfume and flavour materials 133
of natural origin. The discovery of many
organoleptically interesting compounds,
today important chemicals widely used by 60
the flavour and perfume industry, can be
traced back to the analysis of natural prod- 91
ucts. Well-known examples areHedione®, ,

Furaneol®,Damascenone and the Damas- 40
cones.

Continuing this tradition, we have an-
alyzed the basic fractions extracted from 20
several commercial essential oils and ab- 65
solutes: jonquil abs. (Narcissus jonquilla
L.), narcissus abs. (Narcissus poeticus L.),
cardamom oil (Elettaria cardamomum
MATON), petitgrain oil (Citrus auranti- 40 60 80 100 120 140
cum, ssp. amara ENGL.), and patchouli oil m/z
(Pogostemon patchouli PELLET.). We were
intrigued by the fact that analysis by Gel Fig. 1. Mass spectrum ofl
MS of the aforementioned basic fractions
revealed the presence of the same un-

ReI. Abundanceknown compound in each of the five sam-
ples. 100

132The mass spectrum (Fig. 1) indicated a

~

molecular weight of 133.
Two samples (jonquil and patchouli)

contained a second unknown of longer 80
retention time whose mass spectrum (F(g. N

2) suggested a molecular weight of 175. 3 117
This second compound was probably a 175

higher homologue of the first, although no 60

intermediate members of the series were
detected.

160
40

Results and Discussion 146

Both compounds, 1 and 3, were most 20 77
abundant in the basic fraction of jonquil 65 10539 51
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Scheme 1

pheny] (propy lidene )phosphorane gave a
mixture of the (Z)-and the (E)-isomer, 1
and 2, resp. (ratio 8:2), which were isolat-
ed pure by GC (silicone, 140°). The syn-
thetic (Z)-isomer was identical (GC, JH-
NMR, MS) to the natural compound 1;
traces of the (E)-isomer 2 were detected
(GC, MS) in the base fraction of jonquil
abs. and patchouli oil. The concentrations
of these pYlidines in jonquil abs. can be
estimated at 10 ppm for 1 and 1 ppm for 2.

The IH-NMR spectrum of the second
unknown confirmed the empirical formu-
la C 12H17N( 17 protons) and suggested the
presence of a 3,4-disubstituted pyridine
with a (Z)-but-l-enyl and a Pr side chain.
It seemed reasonable, in analogy to com-
pound 1, to leave the C4-substituent at
C(3) and to place the Pr group at C(4).
Structure 3 for the second unknown was
confirmed by synthesis (Scheme 2).

The Grignard reaction ofPrMgBrwith
the known nitrile 6 [l] in toluene gave,
after acidic hydrolysis of the imine inter-
mediate, the ketone 7 in 77% yield. Re-
duction of 7, followed by acetylation, led
to the acetate 9 which upon thermolysis at
500° gave a l:5 mixture (72% from 9) of
the (2)- and (E)-isomers 3 and 4, resp. The
pure isomers were isolated by Gc.

The (Z)-isomer 3 was identical (GC,
IH-NMR, MS) with the unknown isolated
from jonquil abs. (concentration ca. 20
ppm) and was also identified in trace
amounts in the basic fraction of patchouli
oil. The (E)-isomer 4 was also present in
jonquil (GC, MS) at a level of ca. 10 ppm.

To our surprise, none of the four pyri-
dines 1-4 was known, although numerous

Isolation from Jonquil Absolute. Distillation
of commercial jonquil abs. (500 g, Chauvet,
Grasse) in a short-path distillation apparatus (Ley-
bold) gave a distillate (365 g, 73%, including the

(Z)-3-( But- I -enyl)pyridiPle (1) aPld (E)-3-
(But-1-enyl)pyridine (2). NaH (3.7 g, 0.154 mol)
was stirred with dry DMSO (SOml) under Ar for
1hat 70°. When the soln. had reached r.t., a soln.
oftriphenyl(propyl)phosphonium bromide (44 g,
0.11 mol) in DMSO (150 ml) was added slowly,
and the red soln. was stirred for 2.5 h at 20°. 3-
Pyridinecarbaldehyde (5; 11.7 g, 0.11 mol, Fluka
AG) was added dropwise at r.t. and stirring con-
tinued for 2 h. The now colourless soln. was
poured into ice-water, acidified with aq. HCl and
the DMSO was extracted with several portions of
CH2CI2. The aq. phase was basified with aq.
NaOH, saturated with NaCI, and extracted with
E~O. Evaporation of the Et20 soln. gave a crude
product which, after distillation (90-94°/1 oTorr)
through a Vigreux column, gave 10.5 g (71%) of
a mixture 1/2 (8:2). Distillation through a Fischer
Spaltrohr column allowed partial separation of
the isomers, which were isolated pure by GC
(silicone, 140°). Both, the lower-boiling 1 and the
higher-boiling 2 were identical (MS, GC, NMR)
to the natural compounds.

material collected in the cooling trap at -180°),
b.p. <115%.01 Torr). EtoO/pentane 1:1 (1200
mt) was added to the distiiIate and the soln. was
extracted in succession with sat. aq. NaHC03 (5 x
SO ml), 10% aq. NazC03 (5 x 50 ml), 10% aq.
NaOH(5 x50mt),and 10%aq.H2S04 (5x50ml).
The combined H2S04 extracts were washed with
E~O by continuous extraction for 20 hand bas-
ified with 10% aq. NaOH. The alkaline soln. was
continuously extracted with EIoO for 30 h, and
the E~O soln. concentrated. The extract (crude
bases, SOmg, 0.0 I%) was analyzed by GC/MS
and the two compounds 1(10% of crude bases)
and 3 (20%) were isolated by GC (Carbowax,
100-250°, 4°/min) for IH-NMR spectra.

Practically pure 1 was obtained in 92% yield,
when the Wittig reaction was carried out under
'salt-free' conditions, cf [4].

Data of 1: colourless oil. IR (film): 1635w,
1575w, 1555m, ]OlOs, 8 lOs, 695s. MS: Fig. I.
'H-NMR (360 MHz, CDCI): 1.08 (t, J = 7.5,
CH3); 2.32 (m, CH2); 5.80 (td, J = 7.5, 11.5, H-
C(2'»; 6.34 (br. d, J = 11.5, H-C( I'»; 7.25 (dd, J
= 8, 5, H-C(5»; 7.57 (td, J = 2,8, H-C(4»; 8.44
(dd, J = 5, 2, H-C(6»; 8.53 (d, J = 2, H-C(2».

Data of2: co]ourless oil. IR (film): 1640m,
1575w, 1560s, 1405s, II 15m, 955s, 835m, 785m,
695s. MS: identical with (Z)-isomer. 'H-NMR
(360 MHz, CDCI3): 1.11 (t, J = 7.5, CH3); 2.26
(m, CH2); 6.35 (m, H-C( 1'), H-C(2'»; 7.21 (dd,
J = 8, 5, H-C(5»; 7.65 (td,J=2, 8, H-C(4»; 8.42
(dd, J = 5, 2, H-C(6»; 8.55 (d, J = 2, H-C(2».
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Experimental
General. All reactions were carried out under

AI. Org. extracts were dried over MgS04 and
evaporated at 40-50° in a rotatory evaporator at
reduced pressure. Anal. GC: IS m x 0.25 mm
fused-silica-Supelcowax-10 (film thickness 0.25
llJ11) or 10 m x 0.25 mm fused-silica-SPB-5 (0.25
llJ11) column. Prep. Gc.: Carbowax 20 M, 2% on
Chromosorb G (DMCS treated), 60-80 mesh
(4.1 m x 4 mm) and silicone GE XE-60, 4% on
Chromosorb G (acid washed, DMCS treated),
60-80 mesh (4.1 m x 4 mm). IR: Perkin-Elmer
720 spectrometer. IH-NMR (360 MHz): Bruker
AM 360 instrument using TMS as internal stand-
ard. Chemical shifts (0) are in ppm; coupling
constants (1) in Hz. MS: Finnigan 1020 automat-
ed GC/MS instrument, electron energy 70 eV,
signals in miz (reI. %).

mono- and disubstituted pyridines have
been identified as trace components of
essential oils [2]. The presence of an un-
saturated unbranched substituent of more
than two C-atoms seems to be a new
feature of such naturally occurring pyrid-
ines. It is known that pyridines and other
basic components may play important roles
in modulating the floral odours of the
other ingredients of essential oils, e.g. in
jasmin [3]. This is certainly also the case
for 1-4 which have very strong pungent
pyridine-like odours in concentrated form.
When diluted, these compounds exhibit
different nuances of green and flowery
odours.
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(Z)-3-(But-1-enyl)-4-propylpyridine (3) and
(E)-3-(But-1-enyl)-4-propylpyridiPle (4). 1-(4-
Propylpyridin-3-yl)butan-1-one (7). To a soln. of
PrMgBr (0.5 mol) in toluene (350 ml, cf.l5]) was
added with stirring at r.t. within 5 min a soln. of
4-propyl-3-pyridinecarbonitri]e (6) [I] (36.5 g,
0.25 mol) in dry toluene (SOmI). The soln. turned
yellow and the exothermic reaction made the
temperature rise to the boiling point. After 3 h at
reflux, the suspension was allowed to reach r.t.
and aq. HCI (6N, 250 ml) was carefully added.
The mixture was heated at reflux overnight, cooled
at r.t., and the aq. phase was washed with Etp.
The aq. phase was basified with 6N NaOH and
extracted with EtoO. Distillation (110%.0 I Torr)
of the crude product gave 36.7 g (77%) of 7
(purity by GC >95%).
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Data of7: colourless liquid. IR (fi]m): 1680s.
MS: 191 (3,M), 148(100), 130(13),149(11),
120 (9), 92 (7), I] 8 (6),133 (5),65 (4). IH-NMR
(360MHz,CDC]3): 0.97,] .01 (2t,}=7, 2xCH3);
1.62(m,CH2); ] .76(m,CH2); 2.80(m,CH2); 2.90
(t,) = 7, CH2); 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-ol (8). A
soln. of NaBH4 (lOg, 0.26 mol) in H20 (100 ml)
was added at r.t. to a soln. of7 (19.J 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 H20. The product was isolated by
extraction with EtP followed by bulb-to-bulb
distillation (130%.0 I Torr). Yield: 16g (83%) of
8.

Data of8: colourless oiL IR (film): 3300 (br.
s), 1590m. IH-NMR (60 MHz, CDC]3): charac-
teristic signals at 4.6 (br., 1 H, disappears with
O2°, OH); 4.94 (m, H-C-O). MS: 193 ( 6, M),
150 (100), 132 (54), 117 (93), 151 (II), 118 (10),
91 (8).

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

overnight), followed by bulb-to-bulb distillation
( 1200/0.0lTorr).

Data of 9: colourless oiL IR (film): I745s,
]245s. IH-NMR (60 MHz, CDCI3): characteris-
tic signals at 2.05 (s, Ac); 6.02 (dd,) = 8, 6, H-C-
0). MS: 235 (M, <I), 43 (100),45 (86), 60 (56),
150 (26),132 (11),175 (7).

Pyrolysis of Acetate 9. A so]n. 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%) of3/
4 (I :5). The pure isomers were isolated by GC
(silicone, 200°), 3 being eluted first.

Data of3: colourless oiL IR (fi]m): 1630w,
]580m, 1545w, 825m. MS: Fig. 2. IH-NMR (360
MHz, CDCI3): 0.94 (t,) = 7, CH3(3")); 1.01 (t,)
= 7.5, CH3(4'»; 1.59 (m, CHi2"»; 2.]3 (m,
CHP'»; 2.54 (t,) = 7.5, CHi] "»; 5.82 (td,) =
7.5, ]], H-C(2'»; 6.37 (br. d,) = ]], H-C(1 '»;
7.09 (d,) = 5, H-C(5»; 8.34 (s, H-C(2)); 8.37 (d,
) = 5, H-C(6».

Data of 4: colourless oiL IR (film): 1640w,
1585s, 1545w, 960s, 830m. MS: practically iden-
tical with spectrum of the (Z)-isomer. IH-NMR
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(360 MHz, CDCI3): 0.97 (t,) = 7, CHP"»; 1.12
(t,) = 7.5, CHl4'»; 1.62 (m, CH2(2"»; 2.27 (m,
CHP'»; 2.61 (t,) = 7.5, CH2( I "); 6.19 (td, ) =
6.5, 16, H-C(2'»; 6.51 (br. d, ) = 16, H-C( 1'»;
7.02 (d, ) = 5, H-C(5»; 8.33 (d,) = 5, H-C(6»;
8.57 (s, H-C(2».
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Acetoxymaleic Anhydride
as Ketene Equivalent in the
Diels-Alder Reaction

Ernest Wenkerta)* , Christian Vialb), and Ferdinand Nafb)*

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.

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

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

The known reaction of AMA (1) with
cyc1opentadiene2 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 a-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%
H2S04 between 5 and 200

, a42:58 mixture
(57%) of Sa and 5b, was obtained (Scheme
1). Acid-catalysed decarboxylation of the

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 structures instead. Therefore,
synthons which are equivalent to ketenes
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Scheme 1
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Reagents: a) 24 h/25°, benzene; b) H/Pd-C; c) 96% H2SOi5° ~ 25°; d) AcOH, 2 h reflux.


