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AGRICULTURAL AND
FOOD CHEMISTRY

Identification and Synthesis of 2-Heptanethiol, a New Flavor
Compound Found in Bell Peppers*

HerRVE SIMIAN ,T FABIEN ROBERT, AND IMRE BLANK *

Nestlé Research Center, P.O. Box 44, 1000 Lausanne 26, Switzerland

2-Heptanethiol was identified for the first time as a constituent of red and green bell pepper extracts.
The chemical structure of this new aroma compound was proposed on the basis of mass spectra
and retention indices and confirmed by chemical synthesis and nuclear magnetic resonance
spectroscopy measurements. Its aroma properties were described as sulfury, onion-like, and
vegetable-like, reminiscent of bell pepper at lower concentrations, with an orthonasal detection
threshold of 10 ug/L of water. No differences in odor note and threshold value were observed for the
enantiomeric forms, which were prepared from enantiopure 2-heptanol by tosylation, followed by
thioacetylation and reduction, giving the target thiol enantiomers.
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INTRODUCTION GC and sensory data revealed that green bell peppers were
characterized by the sensory attributes grassy, green bell pepper,
and fruity, which were closely related to 1-penten-3-08; (
3-hexanal, Z)-3-hexanol, 3-isobutyl-2-methoxypyrazine, and
linalool (8).

The study of bell pepper’s volatile constituents has been the
subject of numerous publications. Up to now almost 200
volatiles have been reported)( of which only a few are

reminiscent of bell pepper aroma, such as 3-isobutyl-2-meth- q|4gile organic sulfur compounds obtained by enzymatic and
oxypyrazine first |dent|f|e_d l_Jy Buttery and co-work_e&).(Tms chemical reactions contribute to the aroma of many vegetables,
odorant has a characteristic green, bell pepper-like note and &ruits, and food products( 10). In general, thiols and sulfides

very |°W, detection threshold of 2 ng/L Wate;)( Additional belong to the most intense and characteristic aroma substances
odor-active compounds have been reported in fresh green bell .., sulfury, vegetable-like, fruity notes perceived at low

pepper on the basis of gas chromatography/olfactometry (GC/ qycentrations. For example, (2R,3S)-3-mercapto-2-methyl-1-
0), e.g. 2-methylpropanal, 2- and 3-methylbutanal, 2,3-butane- ,o 1200 found in fresh onions and dimethyl sulfide found in
dione, 1-penten-'3-one, hgxanal, heptaﬁahumene,trans-B- cooked tomatoes show low odor thresholds of 0.03 ang§/3
hepten-2-one, dimethyl trisulfide, agficyclocitral (3). More kg of water, respectivelyl(l, 12), and are character-impact
recently, a systematic work characterized odor-active compounds.g «tituents of the respective vegetable. In bell peppers, only a
of sweet bell pepper powder of different origing.(®#he authors o, oqor-active sulfur compounds have been identified, such
stressed the importance ﬁfionong, 4-hydroxy-2,5-dimethyl- 55 ethional (4) and dimethyl trisulfid&,(5). However, no
3(2H)-furanone, 3-hydroxy-4,5-dimethyl-2f)-furanone, and 515 have so far been reported as odorants of bell peppers.
2- and 3-methylbutanoic acid among more than 30 odorants ;o work on the natural constituents of vegetables, we

identified. investigated the odor-active compounds of red bell pepper. This
Changes during drying of bell pepper have been studied by paper deals with the identification of a secondary alkanethiol,

Luning and co-workers5). These authors reported on additional g new odorant found in red bell pepper extracts, as well as its

bell pepper-like smelling compounds such as the monoterpenesensory properties and synthesis.

A-3-carene, which was particularly abundant in red bell pepper.

This typical bell pepper note had an increasing impact in turning EXPERIMENTAL PROCEDURES

and mature samples, particularly in fresh and dried red, yellow, Materials. The following chemicals were commercially available:

and white bell peppers). In addition, 2-heptanone/heptanal 2-heptanol §99%), p-toluenesulfonyl chloride X99%), sodium

has been suggested to elicit bell pepper and cooked Vegetab|é1ydrogen sulfide monohydrate (NaSH, 97%), potassium thioacetate

notes in rehydrated bell peppei®.(Moreover, correlation of (97%), lithium aluminum hydrideX99%) (Fluka, Buchs, Switzerland);
(R)-2-heptanol ¢ 99%), (3-2-heptanol £ 99%), deuterochloroform @

HCls, >99%) (Aldrich, Buchs, Switzerland); ammonium chloride
~ *Dedicated to Professor Dr. Werner Grosch on the occasion of his 70th (98%), hydrochloric acid (HCI, 37%), magnesium sulfate (98%), sodium
birthday. sulfate, silica gel 60 (Merck, Darmstadt, Germany). The solvents

* To whom correspondence should be addressed. Telephba#/785- B
8607. Fax: +21/785-Fi)3554. E-mail: imre.blank@rdls.nestlg.com. pentane, ethyl acetate (EtOAc), methylene chloride, ethanol (EtOH),

tPresent address: Product Technology Center Orbe, 1350 Orbe, toluene, pyridine, dimethylformamide (DMF), and diethyl ethes(5t
Switzerland. were from Merck and were freshly distilled prior to use.
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Scheme 1. Synthesis of 2-Heptanethiol and Its Dimerization upon Heat Treatment?

OH OTs SAc
TsCl W KSAc
—_— R ———
(Pyridine) (DMF)
1 2 3
NaSH
\/W (DMF) LiAIH,

S Et,0
~s SH (Et,0)
)\/\/\ )\/\/\
5 4
2 See the text for abbreviations and an explanation.

SynthesesThe target compound was synthesized from 2-heptanol Scheme 2. Synthesis of Enantiopure (S)-2-Heptanethiol
1 as starting material using classical approachi&$ &nd two methods

Sn2
to transform the intermediary tosyla2énto the target thiokt (Scheme \/\/Y —_— \/\/\‘/ — TN
1). OH OTs SH

2-(p-Toluenesulfonyl)heptane)(2-Heptanol {; 28 mL, 200 mmol, .
1.0 equiv) dissolved in pyridine (135 mL) was placed in a 500-mL ‘> ePRnel (8):2-Heptanathicl
flask and cooled to €C. p-Toluenesulfonyl chloride (41.8 g, 220 mmol,  the addition, stirring was continued for another 0.5 h at room tem-
1.1 equiv) was slowly added and the mixture was stirred at room perature. First a saturated ammonium chloride solution (2 mL) and then
temperature overnight. Toluene was added (200 mL), the reaction hydrochloric acid (2 N, 2 mL) were added atL0 °C for hydrolysis.
mixture filtered, and the filtrate washed with toluene (200 mL). The The organic phase was separated and the aqueous phase extracted with
mother liquor was washed twice with an aqueous HCI solution (5 N, diethyl ether (2x 20 mL). The combined organic phases were dried

200 mL). The organic layer was dried over magnesium sulfate and over sodium sulfate. The solvent was evaporated to furnish the racemic
concentrated under reduced pressure. After dry chromatography on silicaiarget product (91 mg, 82% yield).

gel (eluent pentane/EtOAc, 9:1, viv), @-{oluenesulfonyl)heptan@) (R)- and (S)-2-HeptanethioDptically active 2-heptanethiols were
was obtained as a colorless oil (40.8 g, 76% yiel#).NMR (360 prepared from (S)- andR{-2-heptanol using the reductive approach
MHz, C?HCls, d/ppm): 0.82 (t, 3H, Clil ) = 7.2 Hz), 1.12-1.23 (m, (Scheme 2). The optical rotation of the target compounds, measured
6H, 3 CHy), 1.26 (d, 3H, CH, %] = 6.3 Hz), 1.42—1.63 (m, 2H, CH in ethanol at 25C, was+33.7°(c = 0.96) and—33.2°(c = 0.83) for

2.44 (s, 3H, CH), 4.59 (qt, 1H, CH¥ = 6.1 Hz,%] = 6.35 Hz), 7.33 (R)- and (S)-2-heptanethiol, respectively.

(d, 2H,3 = 8.3 Hz), 7.79 (d, 2H3J = 8.3 Hz).**C NMR (90 MHz, Isolation of Volatiles from Bell Peppers.Bell pepper (50 g, red or

C?HCls, 6/ppm): 14.3 (CH), 21.3 (CH), 22.1 (CH), 22.8 (CH), 24.9 green) was cut in small pieces and stirred in methylene chloride (100
(CHy), 31.7 (CH), 36.8 (CH), 81.1 (O—CH), 128.1 (C=CH), 130.1 = mL) overnight at room temperature. After removing the solids by
(C=CH), 135.0 (C=C), 144.8 (C=C). filtration, crude extracts were obtained by high vacuum transfer using
2-Heptanethiol (4).In a 50-mL flask equipped with a reflux  the SAFE apparatus (14). The resulting clear extracts were dried over
condenser, 2gttoluenesulfonyl)heptan,(10.0 g, 37 mmol, 1.0 equiv)  sodium sulfate and concentrated on a Vigreux column %50 cm)
and sodium hydrogen sulfide monohydrate (7.0 g, 94 mmol, 2.5 equiv) and by microdistillation (15) to 0.6 mL.
were stirred in dimethylformamide (25 mL) at 8@ for 2 h. The Extracts of cooked bell pepper were obtained by the simultaneous
reaction mixture was diluted in brine (200 mL) and the aqueous layer distillation—extraction method (SDE) using methylene chloride as
was extracted with diethyl ether (8 200 mL). The organic layers  solvent (16). Crude bell pepper (50 g, red or green) was cut in small
were combined and washed with brine {5200 mL), dried over pieces and cooked in water (100 mL) for 2 h. The clear extracts
magnesium sulfate, and concentrated under reduced pressure. The1.3 mL for the green and 2.5 mL for red bell pepper) were dried over
racemic target compourdiwas obtained after distillation (143 mbar,  sodium sulfate, and the resulting extracts were then concentrated to

120°C) as a colorless oil (1.82 g, 40% yieldH NMR (360 MHz, 0.7 mL on a Vigreux column and by microdistillatioh).

C?HCls, o/ppm): 0.82 (t, 3H, CH| %) = 7.2 Hz), 1.27—1.38 (m, 6H, Gas Chromatography—Mass Spectrometry/Olfactometry (GC-

3 CHy), 1.36 (d, 3H, CH, 3J = 6.7 Hz), 1.49-1.62 (m, 2H, CH), MS/0). Mass spectra of the synthesized compounds and their retention
2.96 (tq, 1H,21 = 6.5 Hz,%) = 6.1 Hz).*C NMR (90 MHz, CHCl,, indices were acquired using a gas chromatograph GC 5890 (Agilent,
6/ppm): 14.5 (CH), 23.0 (ChH), 26.0 (CH), 27.5 (CH), 31.9 (CH), Geneva, Switzerland) equipped with two splitless injectors heated at
36.0 (CH), 41.3 (CH). 260 °C and coupled with a quadrupole mass spectrometer MS 5970

2-(Acetylthio)heptane (3)n a 50-mL flask equipped with a reflux  (Agilent, Geneva, Switzerland) operating in the electron impact
condenser, 2-{oluenesulfonyl)heptane (2.0 g, 15 mmol, 1.0 equiv) ionization mode at 70 eV. Acquisitions were carried out over a mass
and potassium thioacetate (4.3 g, 38 mmol, 2.5 equiv) were stirred in range of 16-350 Da. Separations were performed on a 100% dimethyl
dimethylformamide (15 mL) at 80C for 2 h. The reaction mixture polysiloxane apolar stationary phase (Ultra-1 PONA, 58 .20 mm
was diluted in brine (100 mL) and the aqueous layer was extracted i.d., 0.5um film thickness, Agilent) and on a poly(ethylene glycol)
with diethyl ether (3x 100 mL). The organic layers were combined polar stationary phase (DB-Wax, 60 m0.25 mm i.d., 0.5«m film
and washed with brine (5% 50 mL), dried over magnesium sulfate,  thickness, J&W, Folsom, CA). Helium was used as the carrier gas with
and concentrated under reduced pressure. Distillation (0.16 mbar,a constant flow rate of 0.6 and 1.0 mL/min, respectively. The oven
35 °C) gave3 as a colorless oil (2.2 g, 84% yield}d NMR (360 was programmed as follows: 2@ (0.5 min), 70°C/min to 60°C,
MHz, CHCls, o/ppm): 0.89 (t, 3H, CH| % = 6.5 Hz), 1.27-1.41 4 °C/min to 240°C. The temperature of the transfer line was held at

(m, 6H, 3 CH), 1.30 (d, 3H, CH, 3J = 6.8 Hz), 1.5+1.56 (m, 2H, 280 °C during the chromatographic run. Sniffing detection was
CHy), 2.31 (s, 3H,CH); 3.55 (tg, 1 H, SCH3 = 6.8 Hz,3J = 7.0 performed on both stationary phases. The same conditions were used
Hz). 3C NMR (90 MHz, CHCls, 6/ppm): 14.4 (CH)), 21.7 (CH), for the GC—MS analysis of bell pepper extracts.

22.9 (CH), 27.1 (CH), 31.2 (CH), 31.9 (CH), 36.7 (CH,), 40.0 (CH), Nuclear Magnetic Resonance (NMR) Spectroscopyhe samples
196.6 (S—C=0). for NMR spectroscopy were prepared in Wilmad 528-PP 5 mm Pyrex

2-Heptanethiol via 2-(Acetylthio)heptane2-(Acetylthio)heptane NMR tubes using deuterochloroform as solvent (0.7 mL). The NMR
(3; 0.146 g, 0.84 mmol) was diluted in dry diethyl ether (3 mL) and spectra were acquired on a Bruker AM-360 spectrometer equipped with
added slowly (1.5 h) at-10 °C under nitrogen to a suspension of a quadrinuclear 5 mm probe head, at 360.13 MHZfband at 90.03
lithium aluminum hydride (0.144 g) dissolved in dry diethyl ether MHz for *C under standard conditions (17). All chemical shifts are
(2 mL). The temperature inside the flask did not exce€iC5After cited in ppm relative to the solvent signal.



308 J. Agric. Food Chem., Vol. 52, No. 2, 2004 Simian et al.

<«— Unknown

0 5 10 15 20 25 30 35 40 45 50 55
Retention time (min)

Figure 1. GC-MS profile of a cooked red bell pepper extract obtained

on a nonpolar PONA capillary column. The unknown target compound is

marked with an arrow.

Polarimetry. Optical activity was measured in ethanol at’Z5using
a Perkin-Elmer 241 polarimeter with a sodium lamp at 589 nm and a
slit of 1 mm. The cuvette length was 100 mm.

Threshold Determination. Orthonasal detection thresholds were
determined in water (Vittel) by seven panelists. Eight samples were
presented in order of decreasing concentrations (a factor of 10 between
samples) to estimate the range of threshold concentration. Threshold
values were determined by a triangle test using a series of four
concentrations (a factor of 2.5 between samples). Threshold values
correspond to more than 70% of correct answers.

Q ov)
<+— Unknown «+— Unknown

2=

RESULTS AND DISCUSSION

Investigation of Raw and Cooked Bell Peppersin this
work we focused on the volatile composition of red bell peppers.
GC—0 analysis performed on two capillary columns revealed
a powerful and very typical red bell pepper-like note detected
at RI(PONA)= 953 and RI(DB-Wax)= 1170. The compound
was also described as sulfury and fruity. The abundance of this
compound was relatively high, as showrHigure 1, obtained
by GC—MS of a cooked red bell pepper extract on the nonpolar
capillary column. Luning and co-worker®)( also found a
compound by GE&O having bell pepper-like notes at RI(CP- !
Wax 52CB)= 1152, which is close to the unknown compound 10.4 11.4 124 (min)
found in this study. Surprisingly, the authors associated the Figure 2. GC-MS profile of liquid bell pepper extracts obtained on a
strong red/green bell pepper-like, rubbery notes witB-carene, polar DB-Wax capillary column: A, cooked red bell pepper; B, raw red
which has been described in the literature as terpeneige ( bell pepper; C, cooked green bell pepper; D, raw green bell pepper.
Indeed, our panel used the descriptors terpenic, limonene-like,

g
— ; <4—— Unknown

and slightly lemon-like forA-3-carene, which was baseline 100 57

separated from the unknown bell pepper-like smelling odorant. __ 90
Therefore, additional experiments were performed to clarify & g0 41 56

the identity of the bell pepper-like odorafigure 2 shows the § 70 61

GC—MS profiles of the raw (SAFE extraction) and cooked & 60

(SDE extraction) red and green bell peppers and confirms the _§ 50 43

presence of the unknown compound in all four extracts. $ 40 70 98 132

Surprisingly, higher amounts of the thiol were found in cooked = 30 2729

samples. It was about 4 times more concentrated in the red bell 3 20

pepper than in the green variety. However, this compound was T 40 47 76 83 93

already detected at a low concentration level in raw red and g Lt d A al | VI A LA

green bell pepper. 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Identification of 2-Heptanethiol. The corresponding peaks Mass (m/z)

on polar and nonpolar capillary columns revealed identical mass gjg e 3. Mass spectrum of the unknown compound.

spectra (Figure 3), thus confirming that only one specific

molecule was imparting this typical note. Interpretation of the H,S. Another main indication for a sulfur compound was the
mass spectrum indicated the presence of an even fragment apresence of an intense ionrafz61, generally associated with
m/z 98, which may stem from the massrafz132 by loss of a GHsS fragment. Assuming that 132 Da was the molecular
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weight of the unknown compound, the isotopic distribution of Taple 1. Thiols Synthesized and Their Sensory Properties
the molecular peak was Mt 1 (m/z133)= 14.5% and M+ 2

(m/z134) = 3.6%. The value measured atM2 was close to compound odor description threshold®
the typical isotopic abundance of one sulfur atom (4.4%). This  (R,S)-2-heptanethiol bell pepper, fruity, vegetables 10
is consistent with the fragment at/z61 and a loss of 34 Da (sulfury, onion, mushroom)?
corresponding to k8. Consequently, the formulagh,OS and 2-heptanethiol* fruity (4), sweet (4), tropical (4), nd
C/H16S were found to be coherent with the MS spectrum. . fresh (2), floral (1)
S (R)-2-heptanethiol bell pepper, fruity, vegetables 10

Moreover, the significant fragment at/z 61 (GHsS'), as (sulfury, onion, mushroom)?
the result of ana-cleavage of the mercaptan, suggested a  (S)-2-heptanethiol bell pepper, fruity, vegetables 10
secondary thiol containing an adjacent methyl group, which is (sulfury, onion, mushroom)®
also indicated byn/z117 ([M — 15]*). The remaining part of
the molecule was supposed to be 41D or a GH11 with m/z @ Qdor description adapted from ref 22. The odor strength of each descriptor

71. The base peak ah/z 57 is typical for an ethyl ketone — Was scored fromO(none) to5(strong): b Odor description atahi'gher concentration
(MeCH,COR') or an alkyl group with four carbons with or (about 1 mg/L). © Detection threshold in ug/L of water was obtained by orthonasal
without ramifications (MeGHgR') with R = CzH-S (due to measurements performed by seven panelists (nd = not determined).

the loss of 75 Da). After combining the two moieties of the . . )
molecule, a mass of 14 Da, corresponding to a methylene group, S€nsory Properties.The odor properties of 2-heptanethiol
was still missing. Thus, the following hypothetical formulas can aré summarized iffiable 1. Racemic 2-heptanethiol showed a
be proposed: MeCK¥OCHCH(Me)SH or MeGHgCH(Me)- Iovy orthonasal _detgcyon threshold value of A@/L of water.
SH. The only way to associate a secondary thiol and an ethyl Th|§ threshold is S|m|I§1r to the weII-Known hydrogen sulfide,
ketone with the formula @4,,0S is 5-mercapto-3-hexanone. having a sulfury, egg-like noted). In high dilution, i.e. about
Concerning the secondary thiol with the formulaHgeS, five 10-t|nr_1es the threshold, racemic _2-heptaneth|ol was_malnly
possible formulas were conceivable, but 2-methyl-2-hexanethiol described as bell pepper-like, fruity, and vegetable-like. At
could be excluded because thecleavage gives a strong peak hlghe_r concentrations (19(1090 times the thresho_ld), t_he od_or
atm/z75 associated with the fragmengtGS+ (CMeSH"). description was completely different: sulfury, onion-like, with

S . some mushroom note. However, no significant difference was
Consequently, the four possible isomers were synthesized. o
;. Y, P y observed between the two enantiomef@alle 1). In the

Only the 2-heptanethiol showed exactly the same mass spectr . .
and retention indices on both columns as the odorant isolatedaﬁte.rature’ t_he odor of 2-heptanethiol has been Qescrlt_)ed_ as sweet,
fruity, tropical (sulfury), and floral, however, without indicating

from bell peppers. The sensory properties of the synthetic .
. e ... the threshold value2@). The authors stressed the unique odor
compound were confirmed by GC-sniffing by three panelists of this compound and 2-octanethiol compared to other 1- and

with four repetitions each. 2-Heptanethiol is a new nature- >-alkvithiols
identical component never described in food before. It has been y . . . . .
The bell pepper-like note previously associated with 2-hep-

cited as a constituent of crude oil distillat&9), natural gas anone/heptanal ant-3-carene—7) was most likely provoked
(20), qnd in anpane_se patent focus_ing on asymmetric synthesi%y 2-hept21nethiol, considering its physical, cﬁgmical, and
of optlcally_ active thioesters ?nd thiol21). sensorial properties. On the other hand, 2-heptanol and 2-hep-
Synthesis of 2-Heptanethiol.The target compound was  (anone were detected in all extracts as possible precursors
synthesized from 2-heptand by activating the hydroxyl  gnctionalized in position 2 and owning the same @rbon
function withp-toluenesufonyl chloride (TsCl), followed by two  ~ain. 2-Heptanone was present in higher amounts in raw green
approaches to release the thiol from the intermediate tosylate g pepper than in red bell pepper (data not shown), which is
(Scheme 1). 2-Heptanethiol (4) was obtained either by a direct i, 4greement with literature dat®)( The same ratio was
nucleophilic substitution o with sodium hydrogen sulfide  ghserved in cooked bell peppers but at higher concentrations.
(NaSH) or with potassium thioacetate (KSAc) followed by o the contrary, all samples contained the same low level of
reduct|0n. of the thloestéi*_. With sodium hydrogen sulf!de aS  2_heptanol. 2-Heptanethiol might be formed through the me-
nucleophile, the conversion was excellent, but the yield was (ap0jism of the plant without any effect of the ripening because
not satisfactory, most likely due to the instability of the target ¢ the similar amounts found in raw green and red bell peppers.
thiol 4 that easily oxidized to the corresponding disulfiiepon Alternatively, it might be generated during the cooking process
distillation (Scheme 1). On the contrary, with potassium fom a precursor that is probably present in higher amount in
thioacetate as nucleophile, the nucleophilic substitution led to (he mature bell pepper compared to the green sample.
2-(acetylthio)heptan8 in good yields. Reduction with lithium In conclusion, 2-heptanethiol was identified in red bell pepper
aluminum hydride resulted in the target thiol. extracts using combined analytical and synthetic approaches.
The synthesis procedure chosen for secondary thiols andits sensory properties suggest that this new flavor compound
thioesters led to racemic mixtures. Both enantiomers of 2-hep- plays a role in imparting the characteristic red bell pepper note
tanethiol were prepared to evaluate their sensory properties. Then low concentrations. It may find applications in bell pepper
acetylthio approach was employed using commercially available or vegetable flavor compositions.
pure (R)- and (S)-2-heptanol as starting materials. The two
enantiomers were obtained in 56% and 45% overall yield, ACKNOWLEDGMENT

respectively. To keep the optical purity, the nucleophilic e are grateful to Mrs. Francia Acre Vera for the NMR

substitution should be a3 reaction. Polarimetric measure-  measurements and Dr. Elizabeth Prior for critical proofreading
ments indicated that no racemization occurred during nucleo- of the manuscript.

philic substitution. The optical rotation of the target compounds

was +33.7° (¢ = 0.96, EtOH) and—33.2° (c = 0.83, EtOH) NOTE ADDED AFTER ASAP

for (R)- and (S)-2-heptanethiol, respectively. Due to Walden  The original posting of December 3, 2003, contained an
inversion, (S)- and (R)-2-heptanethiol were obtained from (R)- incorrect version of Figure 2. The correct version of this figure
and (S)-2-heptanol, respectively (Scheme 2). is included in the posting as of December 5, 2003.
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