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Introduction

Chemoselective oxidation has been widely used in organic
synthetic chemistry, especially in the laboratory[1] and in
chemical manufacturing,[2] as well as in regio- and stereo-se-
lective oxidation.[3] One of the central issues in chemoselec-
tive oxidation is the discrimination between olefinic double
bonds and hydroxy groups. In particular, oxidation of allylic
alcohols to a,b-unsaturated carbonyl compounds has long
been of interest. At the time of the realisation concerning
the necessity for the effective organic synthesis of a,b-unsa-
turated carbonyl compounds from allylic alcohols, the dis-
covery by Ball, Goodwin, and Morton of almost quantitative
conversion of Vitamin A into retinene by an active manga-
nese compound in 1948 was already well-known.[4,5a] Then,
various oxidants with high chemoselectivity, such as MnO2
and CrO3, were developed and are frequently used in organ-
ic synthesis until now.[5] However, the atom efficiency of
these oxidants is low, and they generate chemical waste con-
taining polluting heavy metals and deoxidized compounds
to get the same amount of useful oxidized compounds. As a
part of the green concept, toxic and/or flammable organic

solvents are being replaced by alternative non-toxic media,
or the reactions are carried out without the use of any sol-
vent.[6,7]

Hydrogen peroxide (H2O2) is a cheap and environmental-
ly benign oxidant because the atom efficiency is excellent
and water is theoretically the sole co-product.[8] However,
its oxidizing ability is quite weak and requires catalytic acti-
vation. The first example of catalytic activity for oxidation
of alcohols with tungsten and molybdenum peroxo com-
plexes was reported by Jacobson et al. in 1979.[9] Since then,
many kinds of metal catalysts, such as Mo, Ru, Pd, Pt, W,
and their polyoxo compounds, which accelerate the oxida-
tion of alcohols with H2O2, have been reported.

[10] All of
them, however, suffer from the necessity for a high concen-
tration or a large excess of H2O2, or the use of an organic
solvent, or the requirement of long reaction times. An effi-
cient procedure for alcohol oxidation reactions with aqueous
3–30% H2O2 with tungsten catalyst under organic solvent-
free conditions have also appeared;[11,12] however, these pro-
cesses have disadvantages regarding the reuse and recycling
of catalysts. Air and/or dioxygen are environmentally ideal
oxidants owing to their low cost and high abundance. A
huge amount of O2 oxidation of alcohols with heterogene-
ous catalysts has been reported and energetically investigat-
ed.[11] Although the oxidation of cinnamyl alcohol to cinna-
maldehyde with O2 (or air) has been reported, organic sol-
vents and/or bases are necessary to achieve high yield and
selectivity.[13,14a–j] The oxidation of cinnamyl alcohols under
organic solvent- and base-free conditions was reported, but
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the yield of cinnamaldehyde was lower than that obtained
with organic solvent and/or base conditions.[14i, j] To our
knowledge, there have been few reports of the completely
chemoselective alcohol oxidation of allylic alcohols with
H2O2 under organic solvent-free conditions and using recy-
clable catalysts.[15] In general, epoxidation of allylic alcohols
proceeds easily with H2O2, and few a,b-unsaturated carbon-
yl compounds have been observed.[16]

We have recently reported a practical method for the syn-
thesis of a,b-unsaturated carbonyl compounds from the se-
lective oxidation of allylic alcohols using aqueous H2O2 cata-
lyzed with easily recyclable platinum black under halide and
organic solvent-free conditions with high yield and selectivi-
ty [Eq. (1)].[17] This method demonstrated a convenient
H2O2 oxidation process using platinum black as a catalyst.

Herein, we report the detailed H2O2 oxidation experiment
of allylic and benzyl alcohols with platinum black, and the
application of this procedure to the oxidation of secondary
alcohols. Although H2O2 is generally decomposed in the
presence of trace transition metals,[1b] Pt black works sur-

prisingly well as a catalyst in
the present method. The appli-
cation of various supported
metals and platinum com-
plexes instead of Pt black is
also discussed.

Results and Discussion

The oxidation of cinnamyl al-
cohol in a hectogram-scale
synthesis successfully provided
a corresponding cinnamalde-
hyde, as shown in Scheme 1.
The operation is very simple;
cinnamyl alcohol (100 g) and a
0.01 molar amount of Pt black
were stirred in the open air at
90 8C for 10 min, and then a
1.1 molar amount of aqueous
H2O2 (5%) was slowly added
dropwise. The mixture was

stirred at 90 8C for 3 h to give cinnamaldehyde in a 94%
yield (92.6 g). Interestingly, an epoxidized compound of cin-
namyl alcohol was not observed. Without the use of H2O2
(under an air atmosphere), cinnamaldehyde was obtained in
only <10% yield.[18]

This chemoselective-oxidation system is applicable to var-
ious allylic alcohols to yield a,b-unsaturated carbonyl com-
pounds. These results are shown in Table 1.[19,20] Primary al-
lylic alcohols were chemoselectively oxidized to form the
corresponding a,b-unsaturated aldehydes (Table 1, en-
tries 1–8). Secondary allylic alcohol also underwent oxida-
tion by H2O2 to give the corresponding a,b-unsaturated
ketone (Table 1, entry 9). The oxidation of allylic alcohols
having a terminal double bond, like 1-hexen-3-ol, did not
proceed at all. While the oxidation of trans-2-hexen-1-ol
with H2O2 catalyzed by Pt black resulted in the formation of
trans-2-hexenal in an 81% yield (Table 1, entry 1), the addi-
tion of 1-hexen-3-ol or 1-hexene retarded the oxidation of
trans-2-hexen-1-ol (trans-2-hexenal in 43% yield with 1-
hexen-3-ol and 26% yield with 1-hexene). This result indi-
cates that the strong coordination of terminal olefin to Pt0

Abstract in Japanese:

Table 1. Oxidation of allylic alcohols with aqueous solution of H2O2.
[a]

Entry Alcohol Carbonyl compound Yield[b] [%]

1 81

2 93

3 90

4[c]

5
94[d]

92

6[e] 84

7 91

8[f] 97

9[f,g] 97

[a] Unless otherwise stated, the reaction was run using alcohol (10 mmol), 5% H2O2, and Pt black in a
100:110:1 molar ratio at 90 8C for 3 h. [b] Determined by GC analysis. Based on alcohol charged. [c] Reaction
was run using alcohol (100 g, 0.745 mol). [d] Yield of isolated product after distillation. [e] Alcohol/H2O2/Pt=
33:100:1. [f] Alcohol/H2O2/Pt=33:67:1. [g] 30% H2O2 was used.

Scheme 1. Hectogram-scale oxidation of cinnamyl alcohol
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largely retards the alcohol oxidation of allylic alcohols.[21]

The oxidation of cinnamyl alcohol was completely stopped
by the removal of Pt black from the reaction solution. This
result indicates that any Pt species that may have leached
into the reaction solution were not active homogeneous cat-
alysts.
Pt black catalyst was easily reused in the oxidation of cin-

namyl alcohol. After the first alcohol oxidation, the catalyst
was filtrated and washed with water, then reused for the
second reaction. Seven cycles of oxidation could be cata-
lyzed by the reused Pt black without any decrease in its cat-
alytic activity. Yields of each reaction were mostly over
90%, as shown in Table 2.

Benzyl alcohols were also oxidized at 90 8C with H2O2
(30%) in the presence of Pt black to give the corresponding
benzaldehydes in good yields (Table 3). Although the selec-
tive oxidation of benzyl alcohols to benzaldehydes is not
easy,[10f, 12b] Pt black successfully catalyzed the selective oxi-
dation of benzyl alcohols to generate the corresponding ben-
zaldehyde in high yields, with little corresponding carboxylic
acid produced. Benzyl alcohol, p-methoxy benzyl alcohol,
and p-methyl benzyl alcohol were successfully oxidized to
give the corresponding aldehydes in 86–95% yields (Table 3,

entries 1–3). Oxidation of p-chloro, p-bromo-, and p-nitro-
benzyl alcohol are more difficult, in this order (Table 3, en-
tries 4–6). The reactivity of p-substituted benzyl alcohols is
dependent on the electric properties of the substituents.
Competitive experiments using a 1:1 mixture of benzyl alco-
hol and p-substituted benzyl alcohol in the presence of Pt
black and H2O2 (5%) at 25 8C, showed that the Hammett
linear free-energy relationship, s+ , gave a good correlation
with 1=�0.44 (Table 4 and Figure 1). The correlation with

s+ implies a direct interaction through resonance between
the substituent and the reaction site. This relatively small
negative 1 value suggests the formation of a partial positive
charge on the benzyl a-carbon in the transition state of the
oxidation path. A similar substituent effect, 1=�0.31, has
been observed with benzyl alcohol oxidation of H2O2 with
tungsten catalysts.[12c]

The proposed mechanism of this catalytic chemoselective
oxidation is shown in Scheme 2. The oxidative addition of a
hydroxy group can function by the coordination of allylic al-
cohol to Pt0, to form PtII hydridoalkoxide.[22] The PtII com-
plex may be attacked by H2O2 or the Pt

II hydridoperoxide

Table 2. Oxidation of cinnamyl alcohol with H2O2 catalyzed by Pt
black.[a]

Reused number 1 2 3 4 5 6 7

%yield of cinnamaldehyde[b] 96 92 90 90 91 97 97

[a] Reaction was run using cinnamyl alcohol (10 mmol), 5% H2O2, and
Pt black in a 30:33:1 molar ratio at 90 8C for 5 h. [b] Determined by GC
analysis. Based on alcohol charged.

Table 3. Oxidation of benzyl alcohols with aqueous solution of H2O2.
[a]

Entry Alcohol Carbonyl compound Yield[b]

[%]

1 90

2 86

3 95

4[c] 75

5[c] 63

6[c] 18

[a] Unless otherwise stated, the reaction was run using alcohol
(10 mmol), 30% H2O2, and Pt black in a 100:110:1 molar ratio at 90 8C
for 2 h. [b] Determined by GC analysis. Based on alcohol charged. [c] Al-
cohol (2 mmol) was used.

Table 4. Competitive oxidation of p-substituted benzyl alcohols[a]

Entry p-Substituents (X) Yield of p-X [%][b] Yield of p-H [%][b]

1 Me 6.2 4.4
2 Cl 6.2 8.6
3 OMe 10 4.5
4 NO2 1.2 2.6

[a] Reaction was run using a 1:1 mixture of benzyl alcohol and p-substi-
tuted benzyl alcohols (2.4 mmol), 5% H2O2, and Pt black in a 100:110:1
molar ratio at 25 8C for 0.5 h. [b] Determined by GC analysis. Based on
alcohol charged.

Figure 1. Hammett plot for oxidation of p-substituted benzyl alcohols,
p-XC6H4CH2OH.
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complex generated from the reaction of Pt0 with H2O2, to
form PtII bisalkoxide; the a,b-unsaturated carbonyl com-
pound can then be liberated by b-elimination. Pt0 can be re-
generated through reductive elimination.
Various supported metals (a 0.03 molar amount of metal

with a metal/support ratio of 0.05) also worked as catalysts
in the oxidation of cinnamyl alcohol (catalyst, yield of cinna-
maldehyde: Pt/C, 80%; Pd/C, 43%; Rh/C, 40%; Ru/C,
70%; Re/C, 16%). However, [Pt ACHTUNGTRENNUNG(PPh3)4], [Pt ACHTUNGTRENNUNG(dppe)2]
(dppe=1,2-bis(diphenylphosphanyl)ethane), [PtCl2ACHTUNGTRENNUNG(PPh3)2],
PtO2, and Na2[Pt(OH)6] did not work as catalysts (yields of
cinnamaldehyde were 0–4%).[23]

Furthermore, the oxidation of not only allylic alcohols but
also secondary alcohols, resulted in the formation of ketones
in this catalytic system (Table 5). Hectogram-scale oxidation
of 2-octanol was performed with a 1.1 molar amount of
aqueous H2O2 (30%) in the presence a 0.01 molar amount
of Pt black at 90 8C for 4–5 h to give a 91% yield of 2-octa-
none (89.6 g) (Table 5, entry 3). The chemoselective oxida-

tion of alcohols containing a double bond at the not-allylic
position proceeded smoothly, resulting in the formation of
the corresponding ketone (Table 5, entry 5). 1-Octen-4-ol,
containing a terminal double bond, did not oxidize in this
catalytic system. Pt black catalyst was also easily reused in
the oxidation of 2-octanol for seven cycles, with the yield of
each reaction being primarily over 97%.

Conclusions

We have shown a facile chemoselective catalytic oxidation
of allylic alcohols to form a,b-unsaturated carbonyl com-
pounds in high yields. In particular, the use of H2O2 as oxi-
dant under organic solvent and halide-free conditions allows
the development of green sustainable chemical processes.
This catalytic system is applicable to various allylic alcohols,
benzyl alcohols, and secondary alcohols to provide the cor-
responding carbonyl compounds with good selectivity. Only
alcohols having a terminal olefin cannot be oxidized in this
catalytic system, which shows that the strong coordination
of a terminal olefin to Pt0 largely retards the alcohol oxida-
tion of allylic alcohols. The Pt black catalyst is easily reusa-
ble with simple manipulation. This green process is straight-
forward, effective, and environmentally conscious, meeting
the requirements of modern organic synthesis.

Experimental Section

General

1H NMR (500 MHz) and 13C NMR (125 MHz) spectra were recorded on
a JEOL winLambda-500 NMR spectrometers. Chemical shifts (d) are in
parts per million relative to tetramethylsilane at 0.00 ppm for 1H, and rel-
ative to residual CHCl3 at 77.0 ppm for

13C unless otherwise noted. Gas
chromatographic (GC) analyses were performed on a Shimadzu GC-17A
using a TC-FFAP column (0.25 mmL30 m, GL Sciences Inc.).

All the materials obtained from commercial suppliers were used as re-
ceived without further purification. Cinnamyl alcohol, trans-2-hexen-1-ol,
trans-2-octen-1-ol, trans-2-decen-1-ol, cis-2-hexen-1-ol, 3-methyl-2-buten-
1-ol, geraniol, trans-3-octen-2-ol, benzyl alcohol, 1-hexen-3-ol, 1-octen-4-
ol, 2-hexanol, and 2-octanol were obtained from Tokyo Chemical Indus-
try Co., Ltd. 2-Butanol and cyclohexanol were obtained from Wako Pure
Chemicals Ind., Ltd. Hydrogen peroxide (30%) was obtained from
Kanto Chemical Co., Inc. 6-Methyl-5-hepten-2-ol was obtained from Al-
drich Chemical Co. Platinum black, [Pt ACHTUNGTRENNUNG(dba)2], and various supported
metals were obtained from N.E. CHEMCAT Co. [Pt ACHTUNGTRENNUNG(PPh3)4], [PtCl2
ACHTUNGTRENNUNG(PPh3)2], and PtO2 were obtained from STREM. Na2[Pt(OH)6] was ob-
tained from Alfa.

Syntheses

Hectogram-scale oxidation of cinnamyl alcohol: A 1-liter round-bot-
tomed flask equipped with a magnetic stirring bar and a reflux condenser
was slowly charged with cinnamyl alcohol (100 g, 0.745 mol) and Pt black
(1.45 g, 7.45 mmol). After the mixture was vigorously stirred at 90 8C for
10 min, an aqueous solution of H2O2 (5%, 558 g, 0.820 mol) was added
dropwise. The mixture was heated at 90 8C for 3 h, and then cooled to
room temperature. The organic phase was separated and washed with sa-
turated aqueous solution of Na2S2O3 (50 mL). After distillation, cinna-
maldehyde (92.6 g, 0.701 mol, 94%) was obtained as a colorless liquid.

Hectogram-scale oxidation of 2-octanol: A 0.5-liter round-bottomed flask
equipped with a magnetic stirring bar and a reflux condenser was slowly

Scheme 2. Proposed mechanism of the chemoselective oxidation.

Table 5. Oxidation of secondary alcohols with aqueous solution of
H2O2.

[a]

Entry Alcohol Carbonyl compound Yield[b] [%]

1 >99

2 94

3[c]

4
91[d]

>99

5[e] 80

6 94

[a] Unless otherwise stated, the reaction was run using alcohol
(10 mmol), 30% H2O2, and Pt black in a 100:110:1 molar ratio at 90 8C
for 2 h. [b] Determined by GC analysis. Based on alcohol charged.
[c] Reaction was run using 100 g of alcohol (0.768 mol). [d] Yield of iso-
lated product after distillation. [e] Alcohol/H2O2/Pt=100:300:1. Reaction
for 5 h.
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charged with 2-octanol (100 g, 0.768 mol) and Pt black (1.50 g,
7.69 mmol). After the mixture was vigorously stirred at 90 8C for 10 min,
an aqueous solution of H2O2 (30%, 95.8 g, 0.845 mol) was added drop-
wise over the course of 1 h. The mixture was heated at 90 8C for 4 h, and
then cooled to room temperature. The organic phase was separated and
washed with a saturated aqueous solution of Na2S2O3 (50 mL). After dis-
tillation, 2-octanone (89.6 g, 0.699 mol, 91%) was obtained as a colorless
liquid.

General procedure for oxidation of allylic alcohol: A round-bottomed
flask (30 mL) equipped with a magnetic stirring bar and a reflux condens-
er was charged with allylic alcohol (10.0 mmol) and Pt black (19.5 mg,
0.100 mmol). After the mixture was vigorously stirred at 90 8C for 10 min,
an aqueous solution of H2O2 (5%, 7.48 g, 11.0 mmol) was added drop-
wise over the course of 1 h. The mixture was heated at 90 8C for 2 h, and
then cooled to room temperature. The organic phase was separated and
washed with a saturated aqueous solution of Na2S2O3 (2.5 mL). The con-
version and yield were determined by GC with an internal standard
(4 mmol), typically biphenyl.

General procedure for oxidation of benzyl alcohol: A round-bottomed
flask (30 mL) equipped with a magnetic stirring bar and a reflux condens-
er was charged with benzyl alcohol (10.0 mmol) and Pt black (19.5 mg,
0.100 mmol). After the mixture was vigorously stirred at 90 8C for 10 min,
an aqueous solution of H2O2 (30%, 1.25 g, 11.0 mmol) was added drop-
wise over the course of 30 min. The mixture was heated at 90 8C for 2 h,
and then cooled to room temperature. The organic phase was separated
and washed with a saturated aqueous solution of Na2S2O3 (2.5 mL). The
conversion and yield were determined by GC with an internal standard
(4 mmol), typically biphenyl.

Hammett plot for oxidation of p-substituted benzyl alcohols: A round-
bottomed flask (30 mL) equipped with a magnetic stirring bar and a
reflux condenser was charged with p-substituted benzyl alcohol
(2.4 mmol), benzyl alcohol (2.4 mmol), and Pt black (4.7 mg, 0.02 mmol).
After the mixture was vigorously stirred at 25 8C for 5 min, an aqueous
solution of H2O2 (5%, 1.80 g, 2.6 mmol) was added dropwise over the
course of 30 min, and Pt black was then separated by filtration. The con-
version of substrates was kept below 10%. The disappearance of the sub-
strates was monitored by GC analysis with an internal standard
(4 mmol), typically biphenyl. Initial relative rates (log ACHTUNGTRENNUNG(kX/kH)) were 0.35
(p-OMe), 0.15 (p-Me), 0.00 (p-H), �0.14 (p-Cl), and �0.34 (p-NO2).
Oxidation of cinnamyl alcohol with various supported metals: A round-
bottomed flask (30 mL) equipped with a magnetic stirring bar and a
reflux condenser was charged with cinnamyl alcohol (1.342 g, 10.0 mmol)
and supported metal (0.30 mmol). After the mixture was vigorously
stirred at 90 8C for 10 min, an aqueous solution of H2O2 (5%, 7.48 g,
11.0 mmol) was added dropwise. The mixture was heated at 90 8C for 5 h,
and then cooled to room temperature. The organic phase was separated
and washed with a saturated aqueous solution of Na2S2O3 (2.5 mL). The
conversion and yield were determined by GC with an internal standard
(4 mmol), typically biphenyl.

Oxidation of cinnamyl alcohol with platinum complexes: A round-bot-
tomed flask (30 mL) equipped with a magnetic stirring bar and a reflux
condenser was charged with a cinnamyl alcohol (1.342 g, 10.0 mmol) and
platinum complex (0.30 mmol). After the mixture was vigorously stirred
at 90 8C for 10 min, an aqueous solution of H2O2 (5%, 7.48 g, 11.0 mmol)
was added dropwise. The mixture was heated at 90 8C for 5 h, and then
cooled to room temperature. The organic phase was separated and
washed with a saturated aqueous solution of Na2S2O3 (2.5 mL). The con-
version and yield were determined by GC with an internal standard
(4 mmol), typically biphenyl.

General procedure for oxidation of secondary alcohol: A round-bot-
tomed flask (30 mL) equipped with a magnetic stirring bar and a reflux
condenser was charged with secondary alcohol (10.0 mmol) and Pt black
(19.5 mg, 0.100 mmol). After the mixture was vigorously stirred at 90 8C
for 10 min, an aqueous solution of H2O2 (30%, 1.25 g, 11.0 mmol) was
added dropwise over the course of 1 h. The mixture was heated at 90 8C
for 1 h, and then cooled to room temperature. The organic phase was
separated and washed with a saturated aqueous solution of Na2S2O3

(2.5 mL). The conversion and yield were determined by GC analysis with
an internal standard (4 mmol), typically biphenyl.

Cinnamaldehyde :[24] b.p.: 104 8C/7 mmHg; 1H NMR (500 MHz, CDCl3,
23 8C, TMS): d= 6.52 (dd, 3J ACHTUNGTRENNUNG(H,H)=15.9, 7.6 Hz, 1H), 7.21–7.26 (m,
4H), 7.34–7.37 (m, 2H), 9.51 ppm (d, 1H, 3J ACHTUNGTRENNUNG(H,H)=7.6 Hz); 13C NMR
(CDCl3): d=128.4, 129.2, 131.1, 133.9, 152.8, 193.5 ppm.

trans-2-Hexenal :[25] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d=0.96 (t,
3J ACHTUNGTRENNUNG(H,H)=8.8 Hz, 3H), 1.49–1.57 (m, 2H), 2.27–2.34 (m, 2H), 6.11 (ddt,
3J ACHTUNGTRENNUNG(H,H)=1.4, 7.9, 15.6 Hz, 1H), 6.84 (dt, 3J ACHTUNGTRENNUNG(H,H)=6.7, 15.6 Hz, 1H),
9.50 ppm (d, 3J ACHTUNGTRENNUNG(H,H)=7.9 Hz, 1H); 13C NMR (125 MHz, CDCl3, 23 8C,
TMS): d=13.6, 21.1, 34.6, 133.0, 158.5, 193.9 ppm.

trans-2-Octenal :[26] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d=0.91 (t,
3J ACHTUNGTRENNUNG(H,H)=7.8 Hz, 3H), 1.29–1.37 (m, 4H), 1.47–1.55 (m, 2H), 2.30–2.37
(m, 2H), 6.12 (ddt, 3J ACHTUNGTRENNUNG(H,H)=1.4, 6.9, 15.4 Hz, 1H), 6.86 (dt, 3J ACHTUNGTRENNUNG(H,H)=
6.7, 15.4 Hz, 1H), 9.51 ppm (d, 3J ACHTUNGTRENNUNG(H,H)=6.9 Hz, 1H); 13C NMR
(125 MHz, CDCl3, 23 8C, TMS): d =13.9, 22.3, 27.5, 31.3, 32.6, 132.9,
158.8, 193.9 ppm.

trans-2-Decenal :[27] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d=0.89 (t,
3J ACHTUNGTRENNUNG(H,H)=6.7 Hz, 3H), 1.25–1.35 (m, 8H), 1.45–1.53 (m, 2H) , 2.30–2.37
(m, 2H), 6.12 (dd, 3J ACHTUNGTRENNUNG(H,H)=7.9, 15.6 Hz, 1H), 6.86 (dt, 3J ACHTUNGTRENNUNG(H,H)=6.9,
15.6 Hz, 1H), 9.51 ppm (d, 3J ACHTUNGTRENNUNG(H,H)=7.9 Hz, 1H); 13C NMR (125 MHz,
CDCl3, 23 8C, TMS): d=14.0, 22.6, 27.9, 29.0, 29.1, 31.7, 32.7, 132.9,
158.7, 193.8 ppm.

cis-2-Hexenal :[28] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d =0.94 (t, 3J-
ACHTUNGTRENNUNG(H,H)=6.2 Hz, 3H), 1.46–1.58 (m, 2H), 2.18–2.23 (m, 2H), 5.90–6.05 (m,
1H), 6.60 (dt, 3J ACHTUNGTRENNUNG(H,H)=6.7, 15.4 Hz, 1H), 10.05 ppm (d, 3J ACHTUNGTRENNUNG(H,H)=
7.9 Hz, 1H); 13C NMR (125 MHz, CDCl3, 23 8C, TMS): d=13.6, 21.0,
34.6, 130.0, 153.0, 191.1 ppm.

3-Methyl-2-butenal :[29] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d =1.99
(s, 3H), 2.18 (s, 3H), 5.89 (dq, 3J ACHTUNGTRENNUNG(H,H)=6.7, 2.4 Hz, 1H), 9.96 ppm (d, 3J-
ACHTUNGTRENNUNG(H,H)=6.7 Hz, 1H); 13C NMR (125 MHz, CDCl3, 23 8C, TMS): d =18.9,
28.1, 128.1, 160.3, 190.8 ppm.

trans-3,7-Dimethylocta-2,6-dienal (Geranial):[30] 1H NMR (500 MHz,
CDCl3, 23 8C, TMS): d=1.61 (s, 3H), 1.69 (s, 3H), 2.17 (s, 3H), 2.17–2.26
(m, 4H), 5.00–5.10 (m, 1H), 5.88 (d, 3J ACHTUNGTRENNUNG(H,H)=8.5 Hz, 1H), 10.00 ppm
(d, 3J ACHTUNGTRENNUNG(H,H)=8.5 Hz, 1H); 13C NMR (125 MHz, CDCl3, 23 8C, TMS): d=

17.7, 17.8, 25.7, 25.8, 40.6, 122.5, 127.4, 132.9, 163.9, 191.3 ppm.

trans-3-Octen-2-one :[31] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d =0.91
(t, 3J ACHTUNGTRENNUNG(H,H)=7.0 Hz, 3H), 1.35 (tq, 3J ACHTUNGTRENNUNG(H,H)=7.0, 7.2 Hz, 2H), 1.43–1.47
(m, 2H), 2.10–2.25 (m, 5H), 6.07 (dt, 3J ACHTUNGTRENNUNG(H,H)=1.5, 15.8 Hz, 1H), 6.80
(dt, 3J ACHTUNGTRENNUNG(H,H)=6.7, 15.8 Hz, 1H); 13C NMR (125 MHz, CDCl3, 23 8C,
TMS): d=13.8, 22.2, 26.7, 30.2, 32.1, 131.3, 148.5, 198.6 ppm.

Benzaldehyde :[12c] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d =7.53 (dd,
3J ACHTUNGTRENNUNG(H,H)=7.5, 7.8 Hz, 2H), 7.63 (dt, 3J ACHTUNGTRENNUNG(H,H)=1.5, 7.5 Hz, 1H), 7.88 (dd,
3J ACHTUNGTRENNUNG(H,H)=1.5, 7.8 Hz, 2H), 10.03 ppm (s, 1H); 13C NMR (125 MHz,
CDCl3, 23 8C, TMS): d=128.9, 129.7, 134.4, 136.4, 192.3 ppm.

2-Butanone :[32] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d=1.05 (t, 3J-
ACHTUNGTRENNUNG(H,H)=7.6 Hz, 3H), 2.14 (s, 3H), 2.46 ppm (q, 3J ACHTUNGTRENNUNG(H,H)=7.6 Hz, 2H);
13C NMR (125 MHz, CDCl3, 23 8C, TMS): d=7.8, 29.4, 36.8, 209.2 ppm.

2-Hexanone :[33] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d =0.90 (t, 3J-
ACHTUNGTRENNUNG(H,H)=7.5 Hz, 3H), 1.32 (tq, 3J ACHTUNGTRENNUNG(H,H)=7.3, 7.5 Hz, 2H), 1.55 (sep, 3J-
ACHTUNGTRENNUNG(H,H)=7.3 Hz, 2H), 2.13 (s, 3H), 2.43 ppm (t, 3J ACHTUNGTRENNUNG(H,H)=7.3 Hz, 2H);
13C NMR (125 MHz, CDCl3, 23 8C, TMS): d =13.8, 22.3, 26.0, 29.7, 43.5,
208.8 ppm.

2-Octanone :[31] b.p.: 173 8C; 1H NMR (500 MHz, CDCl3, 23 8C, TMS):
d=0.88 (t, 3J ACHTUNGTRENNUNG(H,H)=6.8 Hz, 3H), 1.27–1.29 (m, 6H), 1.52–1.59 (m, 2H),
2.13 (s, 3H), 2.42 ppm (t, 3J ACHTUNGTRENNUNG(H,H)=7.4 Hz, 2H), 13C NMR (125 MHz,
CDCl3, 23 8C, TMS): d=13.9, 22.4, 23.7, 28.7, 29.7, 31.5, 43.7, 209.2 ppm.

6-Methyl-5-hepten-2-one :[34] 1H NMR (500 MHz, CDCl3, 23 8C, TMS):
d=1.62 (s, 3H), 1.68 (s, 3H), 2.14 (s, 3H), 2.25 (q, 3J ACHTUNGTRENNUNG(H,H)=7.3 Hz, 2H),
2.45 (t, 3J ACHTUNGTRENNUNG(H,H)=7.3 Hz, 2H), 5.00–5.08 ppm (m, 1H); 13C NMR
(125 MHz, CDCl3, 23 8C, TMS): d =17.6, 22.6, 25.6, 29.7, 43.7, 122.7,
132.6, 208.3 ppm.

Cyclohexanone :[31] 1H NMR (500 MHz, CDCl3, 23 8C, TMS): d=1.70–
1.75 (m, 2H), 1.85–1.93 (m, 4H), 2.34 ppm (t, 3J ACHTUNGTRENNUNG(H,H)=6.8 Hz, 4H);
13C NMR (125 MHz, CDCl3, 23 8C, TMS): d =24.8, 26.8, 41.7, 211.9 ppm.
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