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AgsTrACT: An alternative synthesis of enantiomerically enriched 2-methylpentanoic butyl ester (Methyl Cham-
omile) is proposed. The process entails three different steps: the key one is the asymmetric hydrogenation of
2-methylenpentanoic acid catalysed by a Ru(II) complex and a chiral diphosphine.
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1. Introduction

Nowadays perfumers can choose among over
3000 fragrances to create a new scent [1]. Never-
theless, this number is in practice reduced by many
factors such as price, availability, and safety of the
ingredients used. In fact, the problem of safety, in
terms of health protection, has become of the utmost
importance. A very well-known example is Lilial®
(Fig. 1), a fragrance commonly used in a wide num-
ber of formulations owing to its pleasant olfactive
notes reminiscent of muguet.

o)

Figure 1. Molecular structure of Lilial ®.

It was already known back in 1983 from tests car-
ried out by the US Environmental Protection Agency
(EPA) that this ingredient was responsible for allergic
contact dermatitis [2]. Further studies have shown
that Lilial® is potentially cytotoxic causing breast
cancer [3]; nevertheless, at present, Lilial® is still
commercialized although its use is subject to restric-

tions [4]. According to a study from Global Industry
Analysts, the world fragrance and perfume industry
is expected to exceed 36 billion of US dollars in 2017,
therefore, it will be of crucial importance to reduce
the amount of odorants released in the environment.
One possibility is the exclusive manufacture and use
of the most olfactory active stereoisomer of a perfum-
ery chiral raw material, which would lead to lower
consumption and dispersion of these compounds in
the environment. It is in fact well-known that the two
enantiomers of an odorant may be different in smell,
persistence, intensity, etc. [5].

Metal catalyzed asymmetric hydrogenation of
prochiral unsaturated substrates is one of the most
efficient methodologies in asymmetric catalysis for
the synthesis of fragrances [6] and important biolog-
ically active compounds [7]. Chiral iridium-, ruthe-
nium-, and rhodium-based catalysts have been em-
ployed as precursors in asymmetric hydrogenation
of unsaturated prochiral substrates such as alkenes,
ketones, imines, etc. [7]. In this connection is worth
to note that there are relatively few examples of
catalytic asymmetric hydrogenation of a-substituted
acrylic acids aimed to the synthesis of biologically
active molecules. Two pertinent examples are the
syntheses of (S)-2-(4-(2-methylpropyl)phenyl)pro-
panoic acid (Ibuprofen®) [8] and (S)-2-(6-methox-
ynaphthalen-2-yl)propanoic acid (Naproxen®) [9]
(Scheme 1).
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Scheme 1. Asymmetric hydrogenations to Ibuprofen® and
Naproxen®.

Our research group has long been interested in
the application of homogeneous asymmetric cataly-
sis [10] to the synthesis of enantiomerically enriched
fragrances such as Rosaphen, Silvial, etc. [11]. In
the present work we wish to report a new synthet-
ic approach to enantiomerically enriched 2-meth-
ylpentanoic acid (4). We estimate this molecule of
particular interest since it can be used as starting
product for a quite wide range of esters employed as
fragrances (Scheme 2) [10]; among them the most
valuable is the butyl ester known as Methyl Cham-
omile (1).
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Scheme 2. Synthetic utility of 2-methylpentanoic acid.

Methyl Chamomile, is characterized by an aro-
matic, fruity, floral odor with the typical herbaceous
chamomile flower character. Odorants displaying
floral notes (citrus, muguet, chamomile, etc.) are

of great interest in perfumery as they are widely
appreciated and used [12]. To the best of our knowl-
edge the odor profile of the two enantiomers of Me-
thyl Chamomile has yet to be disclosed and only the
racemate is commercialized by TCI Europe, Grau
Aromatics, and other companies all over the world.

2. Results and Discussion

The synthetic strategy proposed for the synthesis
of Methyl Chamomile (1) is reported in Scheme 3.
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Scheme 3. Designed synthesis of (S)-Methyl Chamomile (1).

First, pentyne 2 is converted into the prochiral
2-methylenpentanoic acid (3) by means of a palladium
catalysed hydroxycarbonylation. Then, 3 is hydro-
genated in the presence of a chiral transition metal
catalyst to give (R)- or (S)-2-methylpentanoic acid (4),
which is eventually reacted with n-butanol to give the
sougth butyl ester. Accordingly, the key step of the
designed synthetic strategy is the asymmetric hy-
drogenation of the a,B-unsaturated carboxylic acid 3.

In previous works, we have reported the asym-
metric hydrogenation of o,p-unsaturated carboxyl-
ic acids employing a catalytic system generated in
situ from [RuCl,(benzene)], and a chiral bidentate
phosphine ligand. In fact, this simply assembled
catalytic system is readily tuneable by changing
the nature of the ligand. A substrate to ruthenium
molar ratio of 100/1 was employed in all the hy-
drogenation experiments. The results of a first set
of experiments obtained using the atropisomeric
diphosphine (R)-MeO-BIPHEP (see Fig. 2) are re-
ported in Table 1.




SCIENCES AT CA’ FOSCARI

1]2013

l PPhy
| PPh, A

N A

ORS,

acH,

(R)-BINAP (R)-P-Phos

OCH,

(S.R)-Mandiphos-4 (R)-(McO-#-Buthyl)Biphep

OH

HiC L\OH

< 23505

R o
Hyf
OH

ROPHOS

Figure 2. Molecular structure of several commercial diphosphine
ligands.

All results reported in Table 1 are the average of
two experiments carried out in the same conditions
except for runs 1 and 2. In fact, the results of these
first two experiments carried out in the same re-
action conditions, were highly contradictive giving
different conversions and ees.

On the basis of literature data, it is possible to
suppose that the contradicting results obtained in
runs 1 and 2 may be ascribed to the type of stirring
employed during the reaction. In fact Coen et al.
report that mass transfer limitations between the
liquid and the gas phase may lead to highly pres-
sure dependent reactions, magnetic stirring being
inadequate for a correct hydrogen dissolution [13].

It is a common assumption that the dissolution of
H, in the liquid phase corresponds to the maximum
concentration of H, at saturation or [H,]_; howev-
er, this assumption holds only when the maximum
rate of gas-liquid mass transfer far exceeds the rate

of hydrogen consumption by the catalytic reaction.
Besides the report of Coen and co-workers, there
are in literature several examples dealing with Ru
catalysts for which gas transfer interfere with the
asymmetric inductions [14].

Table 1. Asymmetric hydrogenation of 2-methylenpentanoic acid
(3) in the presence of [RuClL,(benzene)], and (R)-MeO-BIPHEP®.

Entry P(H,) Speed NEt/Ru Conv. (%)®  ee (%) ©9
(atm) (rpm)  (mol/mol)
1@ 10 n.d. 100/1 7 18
20 10 n.d. 100/1 42 35
3 10 700 100/1 56 51
4 10 700 0 6 30
5 10 1500 0 26 40
6 30 700 100/1 100 66
7 30 700 0 15 51
8 30 1500 0 40 57
9 50 700 100/1 100 76
10 50 350 0 76 65
11 50 700 0 82 67
12 50 1500 0 100 70
13 70 700 100/1 100 80
14 70 700 0 100 76
15 70 1500 0 100 75
160 70 700 100/1 100 76
179 70 700 100/1 77 81

@ Reaction conditions: substrate = 1.17 mmol, substrate/Ru =
100/1 (mol/mol), ligand/Ru = 1/1 (mol/mol), time = 1 h, solvent
= CH,OH (20 mL), naphthalene: 0.5 mmol, T = 0 °C, p(H,) = 10
atm, mechanical stirring (700 rpm). ® Determined by GLC with
internal standard (naphthalene). © Determined on the methyl
ester of 4 by chiral GLC (CHIRALDEX G-TA). @ (R)-isomer.
The sign-configuration relationship of 4 was determined by
polarimetry and compared with literature data [15]. © Magnetic
stirring. ® T =20 °C. @ T = -10 °C.

Assuming that also for the hydrogenation of 3
magnetic stirring could be inadequate, the reac-
tion was repeated under mechanical stirring (run
3, average of three experiments) giving (R)-2-meth-
ylpentanoic acid (4) in a reproducible manner and
with higher conversion and enantiomeric induction
compared to magnetic stirring (compare runs 1-3 of
Table 1). To further understand the influence of the
stirring speed, a set of experiments was carried out
at 700 and 1500 rpm (speed limit of the employed
mechanical stirrer).The influence of the stirring
speed on conversion and asymmetric induction at
different p(H,) is reported in Fig. 3.
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Figure 3. Influence of the stirring speed on conversion and
asymmetric induction at different p(H,).

At low hydrogen pressures (10-30 atm) both con-
version and ee are highly influenced by the stirring
speed indicating that in these conditions the rate
determining step is the mass transfer of hydrogen
from the gas to the liquid phase. At 50 atm there is
no significant change neither in the conversion nor
in enantioselectivity, thus we may assume that at
p(H,)>50 atm [H,]=[H,]_ . According to these find-
ings all further experiments were carried out under
magnetic stirring at 700 rpm.

According to our previous study on asymmetric
hydrogenations in the presence of ruthenium cata-
lysts we investigated the effect of the addition of
triethylamine as promoter on the reaction course.
In fact, it is well known that on one hand the rate
of the hydrogenation with ruthenium catalysts may
be improved by the presence of an amine, but on
the other hand the influence of the amine on the
enantioselectivity is not always positive [11b,16].
In our case, addition of triethylamine leads both to
faster hydrogenation rates and higher ees (compare
entries 3 and 4). A set of experiments carried out
at increasing pressures with and without the NEt,
show a plateau trend reaching maximum conversion
and asymmetric induction at 70 atm (see Fig. 4).
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Figure 4. Influence of the amine on conversion and asymmetric
induction at different p(H,).

The dependence of the conversion and enantioselec-
tivity on changing the p(H,) has a similar trend both
in the presence and in the absence of the amine, giv-
ing at all pressures tested better results when NEt, is
present. In this connection, it should be noted that the
enantioselectivity in the presence of the amine does
not depend on the reaction time. In fact, an experiment
carried out under the same conditions of entry 9 of
Table 1in 30, 60, 90 min and 18 h gives the same enan-
tioselectivity (76% ee) (data not reported in Table 1).

Although under these conditions, we are able to
obtain 4 with ees up to about 80%, this result was
not considered completely satisfactory. Therefore,
believing that substantial improvements in enanti-
oselectivity could not be achieved by a further fine
tuning of the reaction conditions, we decided to test
other commercially available phosphine ligands.
The results are summarized in Table 2.

Table 2. Asymmetric hydrogenation of 2-methylenpentanoic acid
(3) in the presence of [RuCl,(benzene)] , and a diphosphine ligand®.

Run  Ligand Conv. (%) ee (%)
1 (R)-(tert-Butyl)-MeO-BIPHEP 72 71
2 (S,R)-Mandiphos-4 100 56
3 (R)-BINAP 64 68
4 (R)-RPhos 72 66
5@ (R)-RPhos 100 60
6 ROPHOS 10 10

@ Reaction conditions: substrate = 1.17 mmol, substrate/NEt, =
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1/1 (mol/mol), substrate/Ru = 100/1 (mol/mol), ligand/Ru = 1/1
(mol/mol), time = 1 h, solvent = CH,OH (20 mL), naphthalene: 0.5
mmol, T = 0 °C, p(H,) = 10 atm, mechanical stirring (700 rpm).
® Determined by GLC with internal standard (naphthalene). ©
Determined on the methyl ester of 4 by chiral GLC (CHIRALDEX
G-TA). @ (R)-isomer. The sign-configuration relationship of 4 was
determined by polarimetry and compared with literature data
[15]. © No NEt, added.

We deemed it possible to achieve better results
with the more hindered (R)-(tert-Butyl)-MeO-BIPHEP
which has been previously used with excellent results
for the hydrogenation of similar substrates [11b]. A
first experiment was carried out in the best reaction
conditions employed with (R)-MeO-BIPHEP neverthe-
less conversions and asymmetric induction resulted to
be lower than those obtained with (R)-MeO-BIPHEP
(compare entry 13 of Table 1 and entry 1 of Table 2).

Another class of ligands which are commonly em-
ployed in the asymmetric hydrogenation of o,f-un-
saturated carboxylic acids, are ferrocenyl ligands
such as (R,S)-Mandyphos-4 (Fig. 2) or (aR,a’R)-2,2’-
bis(a-N,N-dimethylamino-phenyl-methyl)-(S,S)-1,1’-
bis[di(3,5-dimethyl-4-methoxy-phenyl)phosphine]
ferrocene] [17]; the asymmetric hydrogenation of
carried out in the presence of (R,S)-Mandyphos-4
gave quantitative conversions as with (R)-MeO-BI-
PHEP but the ees were lower.

Further experiments carried out with different
chiral ligands gave unsatisfactory results (see en-
tries 3-6 in Table 2).

In conclusion, in this work we report a new synthe-
sis to enantiomerically enriched (R)-2-methylpentano-
ic acid 4 with total conversion and, in best conditions,
80% ee. Although we were unsuccessful in preparing
enantiopure carboxylic acid 4 for the determination
of the odor profiles and thresholds of the two stere-
oisomers, in our opinion the synthetic approach here
reported is a valuable alternative for the preparation
of Methyl Chamomile. In fact, from an environmental
point of view, a 90:10 ratio between the two enanti-
omers corresponding to an ee of 80%, may be a good
compromise in the aim to reduce the overall amount
of fragrance release in the environment.

3. Experimental
3.1. General materials and methods
Solvents were purchased from Aldrich and puri-

fied according to literature [18]. All other reagents
(Aldrich) were used without further purification. All

products were characterized by 'H NMR, '*C NMR,
and mass spectrometry. '‘H NMR and *C NMR
spectra were recorded on a Bruker Avance AC300
spectrometer operating at 300.21 and 75.44 MHz,
respectively. Gas Chromatography-Mass Spectrom-
etry (GC-MS) analyses were performed on a Hewl-
ett-Packard 5890 SERIES II gas chromatograph in-
terfaced with a HP 5971 quadrupole mass detector.
Gas Liquid Chromatography (GLC) analyses were
performed on an Agilent 6850 gas chromatograph
equipped with a Flame Ionization Detector (FID).
The enantiomeric excesses (ees) were determined
by chiral GLC using a Chiraldex G-TA column
(50 m x 0.25 mm) installed on an Agilent 6850 gas
chromatograph with a FID detector. Optical rotato-
ry power values (o) were determined using a Per-
kin-Elmer 241 polarimeter (Na lamp at 25 °C).

The carbonylation step and hydrogenations exper-
iments of runs 1 and 2 were carried out in a magneti-
cally stirred stainless steel autoclave (total volume
ca. 150 mL). All other hydrogenation experiments
were carried out in stirred stainless steel autoclave
(total volume ca. 200 mL) equipped with a mechani-
cal stirrer Biichi drive bmd 075 and cyclone 075.

3.2 Synthesis of 2-methylenpentanoic acid (3)

In a typical experiment, the magnetically stirred
reactor was charged under nitrogen with a mixture
of THF/H,0 (30 mL/5 mL), 2-pyridyldiphenylphos-
phine (0.42 g, 1.60 mmol), Pd(OCOCH,), (9.0 mg,
0.04 mmol), 3.0 mL of pentyne (2.07 g, 30.0 mmol),
and 0.2 mL of CH,SO,H (0.31 g, 3.20 mmol), then
pressurized with CO (30 atm) and heated with a ther-
mostatic bath at 50 °C.

After 24 h, the reactor was cooled and the re-
sidual gas vented off. The crude reaction mixture
was analysed by GLC to determine the conversion
and the selectivity of the reaction. The reaction sol-
vent was then evaporated and the solid obtained
treated with a 1 M solution of NaHCO, (3 x 20 mL);
the combined aqueous layers were then acidified
with 1 M HCI (50 mL) and extracted with CH,CI,
(3 x 30 mL). The combined organic phases were fi-
nally dried over MgSO,, filtered and the solvent was
removed in vacuum to give 3 as a pale yellow oil in
93% yield. The spectroscopic data are in agreement
with the literature [19].

MS (EI): m/z (%) 114 [M]+, 99, 85, 69, 55.
'H NMR (300 MHz, CDCl,) 6: 0.94 (t, 3H, J = 7.2 Hz,
CH,), 1.46-1.58 (m, 2H, CH,)), 2.29 (t, 2H, J = 7.2
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Hz, CH,)), 5.65 (s, 1H, C=CH,), 6.30 (s, 1H, C=CH,),
11.00-11.70 (brs, 1H, OH).

3C NMR (75 MHz, CDCl,) 6: 13.6, 21.5, 33.5, 127.1,
140.0, 172.9.

3.3 Synthesis of 2-methylpentanoic acid (4)

In a typical experiment (entry 3 of Table 1), 130
mg of 3 (1.17 mmol) were introduced in a Schlenk
tube together with 20 mL of anhydrous CH,OH. Under
inert atmosphere, 6.8 mg of (R)-MeO-BIPHEP (1.2 x
102 mmol), 2.93 mg of [RuCl,(benzene)], (5.9 x 10°
mmol), 72 mg of naphthalene (0.6 mmol) and 0.16 mL
of NEt, (0.12 g, 1.2 mmol) were added to the solution
and kept under stirring for about 30 min. The reaction
mixture was then transferred via canula into the auto-
clave which was pressurized with 10 atm of H, at 0 °C.

After 1 h, the residual gas was vented off and
the reaction mixture analyzed by GLC to determine
the substrate conversion. The raw reaction mixture
was taken to dryness and then treated with a 1 M
solution of NaHCO, (3 X 20 mL); the combined aque-
ous layers were acidified to pH 1 with 1 M HCIl and
extracted with CH,Cl, (3 x 30 mL). The combined or-
ganic phases were finally dried over MgSO,, filtered
and the solvent was removed in vacuum to give 4 as
pale yellow oil in 70% yield. The spectroscopic data
are in agreement with the literature [15].

MS (EI): m/z (%) 116 [M]+, 101, 87, 74, 56.

'H NMR (300 MHz, CDCl,) &: 0.90 (t, 3H, J = 7.1
Hz, CH,), 1.15 (d, 3H, J = 7.1 Hz, CH,), 1.31-1.44
(m, 3H), 1.62-1.72 (m, 1H), 2.42-2.49 (m, 1H, CH),
11.10-11.70 (brs, 1H, OH).

C NMR (75 MHz, CDCl,) &: 16.8, 28.9, 33.0, 35.7,
39.2,125.7,128.2, 128.3, 142.0, 183.1.

Comparison of the optical rotatory power of
([a]*,=-9.4 neat) with the literature data ([a]**, =-18.4
neat) [15] allowed us to assign its prevailing configu-
ration as (R). A sample of (50 mg, 0.43 mmol) was
derivatized to the corresponding methyl ester [11b]
and analyzed by chiral GLC (Chiraldex GT-A column,
T =70 °C, N,: 2.8 mL/min, t, = 9.716 min, t, = 9.106
min); the ee of the methyl ester of (R)- was 51%.
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