Appendix A: Protocol for enantiomeric
enrichment of (-)-(R)-terpinen-4-ol

This protocol for enantiomeric enrichment of (-)-terpinen-4-ol was published
in the Supporting Information of Paper I. The (+)-enantiomer was prepared
in the same way, but starting with commercially available (+)-terpinen-4-ol
(50% ee).

3,5-Dinitrobenzoyl derivative of (-)-terpinen-4-ol. n-BuLi [85 mL, 136
mmol (1.6 M in n-hexane)] was added dropwise (30 minutes) to a
solution of (-)-terpinen-4-ol [20.0 g, 130 mmol (S:R = 24.5:75.5)] in THF
(200 mL) cooled in an ice bath, under an argon atmosphere. 3,5-
Dinitrobenzoyl chloride (33.0 g, 143 mmol) was then added portion
wise (5 minutes) and the reaction mixture was stirred at room
temperature. The colour went from deep red to an orange turbid
mixture. After four hours, aqueous saturated NaHCOs (100 mL) was
added to the reaction mixture and the organic layer was removed,
followed by extraction of the aqueous layer with EtOAc (4 x 50 mL)
and drying of the combined extracts over MgSOa. Evaporation of the
solvent at reduced pressure resulted in a light orange solid, which was
purified by flash chromatography (Silica, EtOAc/n-hexane) to remove
residues of unreacted alcohol. 41.9 g of the dinitrobenzoate product
was obtained (120 mmol, 93% yield, yellow/orange crystals). '"H NMR
(500 MHz, CDCls): 6 0.98 (3H, d, J=7.2 Hz), 0.99 (3H, d, ] =7.2 Hz), 1.66
(3H, s), 1.81-1.88 (1H, m), 1.95-2.06 (2H, m), 2.32-2.38 (1H, m), 2.56-2.63
(2H, m), 2.89 (1H, heptet, | = 6.9 Hz), 5.35 (1H, bs), 9.04 (2H, d, ] =2.2
Hz), 9.19 (1H, t, | =2.2 Hz); ®C NMR (62.5 MHz, CDCls):  17.24, 17.66,
23.09, 27.47, 27.74, 29.93, 30.80, 90.41, 117.36, 121.94, 129.17, 133.59,
135.73, 148.62, 161.41.



Recrystallisation. The dinitrobenzoate (41.9 g, S:R = 24.5:75.5) was
dissolved in boiling 99.5% ethanol (1000 mL) and was allowed to cool
slowly to room temperature and crystallise overnight. The crystals (30
g, S:R = 30.8:69.2) were redissolved in boiling isopropanol (1000 mL)
and the solution was allowed to cool slowly to room temperature and
crystallise for three days. In both recrystallisations, the R-isomer was
enriched in the solution. The crystals were filtered off and the solvent
was evaporated, resulting in bright yellow/beige crystals (4.9 g, S:R =
2.4:97.6) from the isopropanol solution and (11.6 g, S:R =7.5:92.5) from
the ethanol solution. The enantioenriched crystals were combined (16.5
g, S:R =3.2:96.8) and dissolved in boiling isopropanol (1000 mL). The
solution was allowed to cool slowly to room temperature and
crystallise for eight days. This time, the R-isomer was enriched in the
precipitated crystals (1.67 g, S:R = 0.3:99.7). The solution was allowed
to stand for another six days (8 °C), which resulted in additional
crystals (4.95 g, S:R =0.5:99.5)

The S:R-ratios were determined by GC on the alcohols on a Beta DEX™
225 capillary column (30 m x 0.25 mm x 0.25 um, 100 °C isothermal, He:
12 psi), by hydrolysing a ‘GC-sample” with 2.4 M KOH in 10% water

in methanol.

Hydrolysis of 3,5-dinitrobenzoyl derivative (example). 2.4 M KOH in
10% water in methanol (40 mL) was added to the 3,5-dinitrobenzoate
(1.63 g, 4.68 mmol, S:R = 0.3:99.7). The mixture was refluxed for 10
minutes and then stirred overnight at room temperature. Water (50 mL)
was added, followed by extraction with n-pentane (4 x 25 mL) and
drying of the combined extracts over MgSO.. Evaporation of solvent at
reduced pressure resulted in an almost colourless oil, which was
purified by bulb-to-bulb distillation (90 °C/2.9 mbar). The

enantioenriched (-)-terpinen-4-ol was obtained as a colourless oil,



700 mg (4.54 mmol, 97% yield, 98.5% purity, S:R =0.4:99.6). [a]p* —-52.2
(c 1.10, CHCls); 'H NMR (500 MHz, CDCls): 6 0.93 (3H, d, | = 6.9 Hz),
0.95((3H, d, ]=6.9 Hz), 1.46 (1H, s), 1.53-1.59 (1H, m), 1.63-1.71 (5H, m),
1.89-1.96 (2H, m), 2.12-2.20 (2H, m), 5.30 (1H, bs); B¥C NMR
(62.5 MHz, CDCls): 0 16.82, 16.84, 23.28, 27.05, 30.77, 34.61, 36.77, 71.76,
118.43, 133.88.



Appendix B: Isolation of the diastereomers of
2-(3,3-dimethylcyclohexylidene)-acetaldehyde
(DMCHA)

At first, (Z)- and (E)-DMCHA were synthesized from (Z)- and (E)-
DMCHE by oxidation with Dess-Martin periodinane or pyridinum
chlorochromate (the latter reaction was only tried for (Z)-DMCHE).
These reactions worked well, but the purity degraded quickly due to
the chemical instability of the aldehydes. This phenomenon has been
observed previously by other authors (Henson et al. 1976). Storing the
aldehydes in a freezer and in n-pentane did not solve the problem. As
a 1:1 mixture of (Z2)- and (E)-DMCHA (Grandlure III and IV) was
commercially available, the two compounds could also be separated
by flash chromatography. This method was less time-consuming than
the synthesis and was therefore used in the appended papers. (Z)- and
(E)-DMCHA were separated by flash chromatography (straight-phase
silica gel, 60 A, 230-400 mesh) using a gradient technique with an
increasing concentration of Et20 (0-100%) in pentane. After separation,
the (Z)- and (E)-isomers could be easily identified based on their mass
spectra. This procedure is also described in Paper IV. In order to
stabilize the aldehydes, BHT was added before storage, at a ratio of
~3% of the weight of the compound. BHT was tested by us in EAG
studies of P. poligraphus and P. subopacus males and females and was

not antennally active in these species.
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Appendix C: Attempted enzymatic resolution of
grandisol enantiomers

An attempt was made to resolve the grandisol enantiomers by
converting grandisol to its acetate, with the reaction catalysed by
lipases from Burkholderia cepacia (AmanoPS), Pseudomonas fluorescens
(PFL) and Candida rugosa (CRL).

All chemicals were equilibrated in a dessicator over MgCl: (aq, sat) or
NaCl (aq, sat) for 24 h prior to the reaction, to obtain a water activity
of aw= 0.32 (suitable for AmanoPS and PFL) or aw= 0.75 (suitable for
CRL). The reactions were followed by GC-FID with an EC 5-column
and the enantiomeric composition of grandisol could be determined
using a Beta DEX™ 225 column.

For the reactions with AmanoPS and PFL, the starting material
consisted of rac-grandisol 50 mg, enzyme 5 mg, CHCls 0.6 mL and
vinyl acetate 110 pL. For the reaction with CRL, the starting material
was rac-grandisol 50 mg, immobilized enzyme 35 mg (activity: 835
units/mg), cyclohexane 1.5 mL and vinyl acetate 30 pL.
Vinyl acetate was added to racemic grandisol, enzyme and CHCIs and
the reaction was stirred at room temperature in a closed vial until 25-
40% of the alcohol had reacted. The reaction was stopped by filtering
the mixture through cotton/glass wool and MgSOs. The solvent was
evaporated at reduced pressure and grandisol was separated from its
acetate by flash chromatography (straight-phase silica gel, 60 A, 230-
400 mesh) using a gradient technique with an increasing concentration
(0-100%) of ethyl acetate in cyclohexane.
The acetate (10-20 mg) was then reduced back to grandisol with LiAlHa
(6 mg) in E20 (5 mL) under argon and at dry conditions at —20°C. After
1 h, water (2 mL) and HCI (1M, 1 mL) was added and the water phase



was extracted with Et20 (3 x 3 mL). The combined organic phases were
dried with Na:SOs (anhydrous) and after filtration, the solvent was
evaporated. The optical rotation of the product grandisol, which was
obtained after reduction of the acetate, was measured with a
polarimeter. However no optical rotation was detected and the
chromatograms from the Beta DEX™ 225 GC column confirmed that
the product was racemic just like the starting material, for all these

reactions.

Grandisoic acid was then synthesized in a two-step reaction. At first,
rac-grandisol was oxidized to its aldehyde by Dess-Martin periodinane
(DMP). A mixture of 0.532 g of rac-grandisol and 1.757 g of DMP in 25
mL of DCM was stirred for 1.5 h. Then, 25 mL of NaOH 1M was added
and the phases were separated. The water phase was extracted with
Et2O (3 x 25 mL) and the organic phases were dried over NaxSOs
(anhydrous) and the solvent was evaporated. 0.482 g of clear oil was
obtained (grandisal) and was used without purification in the next step.
AgNO:s (1.184 g in 2 mL of water) and NaOH (0.558 g in 2 mL of water)
were then added simultaneously to grandisal dissolved in ethanol (10
mL). After 2 h, the reaction was stopped by filtration through celite
which was rinsed with ethanol. Water (25 mL) and n-pentane (25 mL)
were added and the phases were separated. The water phase was
neutralized with acetic acid and extracted with n-pentane (2 x 25 mL).
The combined organic phases were dried over Na:SOs (anhydrous)
and after filtration, the solvent was evaporated at reduced pressure.
0.182 g of clear oil was obtained (grandisoic acid). The identity of the
product was confirmed by NMR. 'H NMR (500 MHz, CDCls): 6 1.33
(3H, s), 1.66 (3H, s), 1.82-1.87 (1H, q), 1.94-2.02 (2H, m), 2.11 (2H, s), 2.56
(1H, d), 2.63 (1H, t), 4.67 (1H, s), 4.87 (1H, s). *C NMR (62.5 MHz,
CDCls): 0 19.02, 23.23, 28.19, 29.30, 41.43, 52.19, 91.70, 110.63, 144.65.



Another enzymatic reaction was started with grandisoic acid (racemic)
50 mg, CRL (immobilized) 35 mg, neopentanol 30 mg and cyclohexane
1.5 mL, under the same conditions as described above for the
enzymatic reactions with grandisol. However, no reaction seemed to
occur, probably because of high steric hindrance. 1-Octanol (50 uL)
was thus added to the reaction mixture and the reaction was stopped
after 22 h as GC samples indicated a reaction. The reaction mixture was
filtered through cotton wool and the acid was extracted with NaHCO:s
10% (aq, sat, 3 x 2 mL). The water phase was then acidified with HCI
(2M) and extracted with Et2O (3 x 3 mL). The organic phases were dried
over MgSOs. Unfortunately, no ester could be identified by GC-MS
when the organic phases were analyzed. The attempts at enzymatic

resolution of grandisol and grandisoic acid were then abandoned.



Appendix D: Synthesis of grandisol and
fragranol

The following synthesis was done at our laboratory and has been published in
Paper 11. A detailed description of the instruments and the synthesis including
NMR data can be found in the Supplementary Material of Paper II.

A mixture of grandisol and fragranol, containing both diastereomers
in a known ratio, was synthesized according to an established reaction
pathway (Bernard et al. 2003).

The synthesis started (Scheme 1) from 4-(benzyloxy)butan-2-one (1)
obtained via the reaction between deprotonated cyclopropyl phenyl
sulphide (2) resulting in 4-(benzyloxy)-2-(1-(phenylthio)cyclopropyl)-
butan-2-ol (3). 2-(2-(Benzyloxy)ethyl)-2-methylcyclobutan-1-one (4)
was obtained after a ring expansion under acidic conditions (PTSA in
benzene). Compound 4 underwent a Wittig-Horner reaction with
triethyl phosphonopropionate (60% NaH in oil, TDA-1, THF and
reflux) yielding ethyl-(Z)-2-(2-(2-(benzyloxy)ethyl)-2-methyl-
cyclobutylidene)propanoate (5). Two subsequent reductions were
performed; reduction of the conjugated double bond using Mg(s) in
methanol and reduction of the ester with lithium aluminumhydride in
THF. The obtained 2-(2-(2-(benzyloxy)ethyl)-2-methylcyclobutyl)-
propan-1-ol was transformed to the iodide 6 (I, PPhs, Imidazole, ACN)
followed by dehydroiodination with silver fluoride in dry pyridine,
yielding a 1:0.8 diastereomeric mixture (cis:trans) of ((2-(1-methyl-2-
(prop-1-en-2-yl)cyclobutyl)ethoxy)methyl)benzene (7, 8). The final
step was deprotection of the ((2-(1-methyl-2-(prop-1-en-2-yl)-
cyclobutyl)ethoxy)methyl)benzene performed with Li/NHs resulting
in a 1:0.8 mix of grandisol and fragranol (as determined by GC).

Column chromatography on silica resulted in a partial separation of



the isomers, and three fractions were isolated. One fraction containing
only grandisol, one small fraction with only fragranol and one fraction

with a mixture of the isomers.
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Scheme 1. The synthetic pathway to produce a 1:0.8 mixture of racemic grandisol

and racemic fragranol.
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Appendix E: Synthesis of y-isogeraniol
(7-methyl-3-methylene-6-octen-1-ol)

This synthesis has been described in the Supplementary Material of Paper 111.

y-Isogeraniol was synthezised according to a slightly modified version
of the method published by Yong et al, 2001. The reaction was
performed under an argon atmosphere and all glassware were dried
in an oven at 160 °C before they were used. 'H NMR and *C NMR
spectra were obtained from a Bruker Avance 500 spectrometer, with
CDCls as solvent and internal standard. The mass spectrum was
obtained from a Hewlett-Packard 5973 mass spectrometer operating in
electron impact ionisation mode, coupled to an HP 6890 N gas
chromatograph with a VF23-MS column (30 m x 0.25 mm i.d., 0.25 pm
film thickness). The reaction was followed with a Varian 3300 gas
chromatograph with an Equity-5 column (30 m x 0.25 mm i.d., 0.25 pm
film thickness), coupled to a flame ionisation detector. This instrument

was also used to calculate the chemical purity of the product.

TMEDA was dried with CaH: and distilled. 4 mL of TMEDA (27 mmol)
and 15 mL of Et2O (from a solvent purification system) were stirred in
a two-necked flask over an ice/water bath at 0 °C. 13 mL of n-BuLi (1.6
M in n-hexane, 21 mmol) was added to the solution which was then
stirred for one hour at room temperature. Then, the solution was
placed over an ice/water bath again, 0 °C, and 1 mL of 3-methyl-3-
buten-1-ol (9.9 mmol) was added slowly dropwise. The solution
turned yellow. It was stirred at room temperature for another five
hours, while the mixture turned darker yellow and a pale precipitate
appeared. After that, the reaction mixture was placed over an
acetone/dry ice bath and cooled to —78 °C. 0.785 g of 3,3-dimethylallyl
bromide (5.3 mmol) in 3 mL of Et2O was added slowly dropwise. The
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reaction was allowed to reach room temperature over night and was
stirred at room temperature for four hours. Its colour was now white
and cloudy with little yellow left. 20 mL of NH4Cl (aq, sat) was added
to quench the reaction. The layers were separated, and the aqueous
layer was extracted with diethyl ether, 3 x 30 mL. All organic layers
were combined and dried with MgSOs. The organic solvent was
evaporated under vacuum, which resulted in 1.56 g of crude product.
The product was purified by flash chromatography (straight-phase
silica gel, 60 A, 230-400 mesh) using a gradient technique with an
increasing concentration (0-100%) of ethyl acetate in cyclohexane,
which yielded 106 mg of y-isogeraniol in the most pure fraction. After
evaporation of the organic solvent, y-isogeraniol appeared as a
colourless, fragrant oil with a chemical purity of > 97%. 'H NMR (500
MHz, CDCls): 6 5.11 (toft, ] =6.8, 1.0 Hz, 1H), 4.89 (s, 1H), 4.84 (s, 1H),
372 (d of t, ] = 6.3, 3,5 Hz, 2H), 2.31 (t, ] = 6.3 Hz, 2H), 2.14 (d of t,
J=7.5,6.8 Hz, 2H), 2.05 (t, ] =7.5 Hz, 2H), 1.69 (d, ] = 1.0 Hz, 3H), 1.61
(s, 3H), 1.40 (t, ] = 3.5 Hz, 1H); C NMR (125.8 MHz, CDCls):  146.0,
132.1, 123.9, 111.9, 60.5, 39.5, 35.9, 26.5, 25.8, 17.9; MS (EI) m/z: 41(36),
69(100), 93(19), 111(34), 121(6).
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Appendix F: Synthesis of papayanol

Papayanol was synthesized in our laboratory from racemic grandisol
according to the method described by Zarbin et al. (2010).

OH
mCPBA
- . +
H CH,Cl,, 0 °C
rac-Grandisol rac-Papayanol minor diastereomer

rac-Grandisol (33.0 mg, 0.214 mmol) was added to a solution of
mCPBA (60.0 mg, 0.348 mmol) in dry CH2ClL: (5 ml), cooled in an ice
bath and under an argon atmosphere. The reaction mixture was stirred
for 20 hours at 0 °C, before addition of aqueous saturated NaHCO:s (10
ml). The organic layer was separated, and the aqueous layer was
extracted with Et2O (3 x 20 ml). The combined organic layers were
dried over MgSOswhich was then filtered off, and evaporation of the
solvent at reduced pressure resulted in a clear colourless oil. The crude
oil was chromatographed on a SPE-column (500 mg,
CHROMABOND?®) using 10% EtOAc in cyclohexane as eluent. 7.3 mg
(20% yield) of rac-papayanol was isolated as a single diastereomer. The
identity and purity of the product was anlysed by 'H and *C NMR.'H
NMR (500 MHz, CDCls): 9 1.16 (3H, s), 1.20 (3H, s), 1.37 (1H, dt, | =14.0,
2.0Hz), 1.47-1.52 (1H, m), 1.58-1.67 (2H, m), 1.76-1.79 (1H, m), 1.93 (1H,
td, J=13.4, 5.1 Hz), 1.97-2.06 (1H, m), 3.27 (1H, d, ] =11.0 Hz), 3.47 (1H,
d, J=11.0 Hz), 3.57 (1H, td, ] =12.4, 2.1 Hz), 3.67 (1H, ddd, ] =12.0, 5.1,
2.1 Hz); BC NMR (62.5 MHz, CDCls): 6 18.11, 20.29, 28.22, 33.69, 34,23,
35.91, 45.15, 57.66, 68.96, 73.16.
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Appendix G: Synthesis of grandisyl acetate and
fragranyl acetate, 70:30

This synthesis is also described in Paper VI.

A mixture of grandisol and fragranol was synthesized previously at
our laboratory (Rahmani et al. 2019). A few mg of the compounds were
further purified by SPE (500 mg SiOH, Chromabond) using n-pentane
as solvent with an increasing concentration of ethyl acetate (0-15% +
100%). After evaporation of the solvents under Ar, six fractions were
obtained of which one contained 70% grandisol and 30% fragranol. 0.5
ml of dichloromethane, one drop of acetyl chloride and two drops of
pyridine was added to this fraction. The mixture was stirred until the
next day, when it had become brown and transparent. The obtained
acetates were purified by liquid-liquid extraction using an additional
0.5 ml of dichloromethane and HCl (IM), 1 ml x 2. The combined
aquaous phases were extracted with 1 ml of pentane, and the organic
phases were combined and filtered through MgSOs. The solvent was
evaporated under Ar, compounds were redissolved in 1 ml of
n-pentane and remaining impurities were removed by another
extraction with distilled water, 1 ml x 3. The organic phase was again
dried with MgSOs and the solvent was evaporated, yielding a 70:30
mixture  of grandisyl acetate and fragranyl acetate.
Grandisyl acetate. MS (EI) m/z: 43(44), 68(100), 93(31), 108(21), 136(3).
Fragranyl acetate. MS (EI) m/z: 43(45), 68(100), 93(30), 108(19), 136(2).
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Appendix H: Attempted SPME-GC-MS analysis
of volatiles from Grosmannia aoshimae

An attempt was made to analyze the volatiles emitted by Grosmannia
aoshimae, a phytopathogenic fungus which is associated with

Polygraphus proximus.

Logs of Siberian fir (Abies sibirica) were infested with G. aoshimae at the
laboratory in Russia and sampled with SPME. Uninfested fir logs were
used for background samples. Eighteen SPME fibers were used; six
pink (polydimethylsiloxane/divinylbenzene 65um), six orange
(Carbowax/divinylbenzene  65um) and six black fibers
(Carboxen/polydimethylsiloxane 75um). Of these, half were used to
sample replicates of the fungus and half were used for background
samples. All samples were taken from the inside of a cut-off Eppendorf
tube pinned to the stem section (in the same way as was done for the
beetles in paper IV) and the SPME sampling time was one hour. The
SPME samples were then transported to Sweden and analyzed by GC-
MS using an HP5-MS column and a VF23-MS column. In all cases, the
temperature started at 50 °C for 2 min and was increased by 5 °C/min
up to 280 °C (HP5-MS) or 250 °C (VF23-MS) where it was held for 10
min. The split was set to 1:10, the inlet was set to 250 °C and the gas
flow to 1 mL/min. However, no fungus-specific volatiles were
identified. It is possible that such compounds were present, but at a

concentration too low to be detected.
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