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1 Generalinformation

Experimental: All reactions sensitive tair or moisturevere carried out under atmosphere

of argon. Analytical thidayer chromatography (TLC) was performed on Merck silica gel 60
F254 glasdaked plates, which weinalysedafter exposure to standard staining solutions
cerium ammonium molydate solution[CAM] (2 g cerium(lV) sulfae, 50g ammonium
heptamolybda and 50 mL H>SQs in 300mL water) orpotassium permanganate solution
[KMnOy4] (3 g potassium permangana®d g potassiuntarbonatund 5mL sodium hydroxide
solution(5%) in 300mL watel). All solvents for chromatography were distilled prior to use.
Column chromatographgf crude products was performeath a hundredfoldexcesf silica

gel (w/w). *H NMR spectra were recorded 860 MHz or 500 MHz, sing a BrukeAV HD

300 and AVHD 500 spectrometerespectively*3C NMR spectra were recorded z8, 91 or

126 MHz on a Bruker A\HD 300 and AVHD 500 spectrometerrespectivly Chemical shifts

of tH NMR and®*C NMR (measured at 298) are given in ppmpusingCDCl; as references
(7.26 ppmand 77.16 ppmrespectively). Coupling constant3) @re reported in Hertz (Hz).
Standard abbreviations indicating multiplicity were used as follows: s (singlet), d (doublet), dd
(doublet of doublets), t (triplety (quartet), p (pentethept (heptet)n (multiplet). The degree

of deuteration was determined Hye integration of thesignalsin the *H NMR spectra GC
analyses were performeaxh an AgilentGC6890 instrument equipped withHP-5 column
(poly-dimethyl/diphenydsiloxane, 95/pand massdetector (Agilent 5973 NetworkHydrogen
was used as the carrier gas and the confitamtmode (flow rate = 1.8 miaiin) with a split
ratio of 1:20 was usedlhe following temperaturprogram was used: 6C for 3 min,
15°C/min to 250°C, and 250 C for 5 min.Enantiomeric excess (ee) were determined by chiral
GC analysion an Agilent GC6890 instrument equipped wath2,3-dimethyt6-TBDMS-b-
cyclodextrine modified colummand FID detector The following temperaturprogram was
used: 60 C for 1 min, 15°C/min to 220°C. Infrared spectra were recordexd a JASCO FT/IR
4100 spectrometeBtandard abbreations indicating signal intensity were used as followed: w
(weak), m (medium), s (strong), br (broaH)gh-resolution mass spectra weybtainedon a
Thermo FinnigartMAT 95 mass spectrometesing the electron impawnization(El, 70eV)
techniquehe S$ecific rotatiors weremeasured on a 241 MC Perkin Elmer polarimeter with a

1 dm cuvetteand arestated in® mL dm'? g'* (c in g/100mL).



Sources ofchemicals Anhydrousdichloromethag, diethyl etherand tetrahydrofuranvere
taken from a solvent drying system (MBraun S39). Tetrahydrofurarwas further dried by
distillation from sodium/benzophenone under argon atmospbeyedichloromethane was
stored over A molecular sieve<CDCl; (99.8%)andds-acetore werepurchased from Butero
GmbH.Filter agent (celite)lithium aluminiumhydride anhydrous chloroformm-butyllithium
solution inhexanesporane dimethyl sulfide complesolution in dichloomethar, dimethyl
sulfoxide, pyrrolidine, (i)-a-thujone. N,N'-dimethytN,N'-trimethyleneurea isopropenyl
acetate p-toluenesulfonic acidpotassium bis(trimethylsilyl)amidediiodomethane and vinyl
aceta¢ were purchased dm SigmaAldrich. Silica gel (0.04630.063mm, 230400 mesh
ASTM), triethylamine and triphenyl phospimesre purchased from Merc8odium sulfate and
magnesium sulfate were purchased from AppliChammonium chlorideand oxone were
purchased from ABCR and GrissirggpectivelyDry aceone, sodium hydroxid and sodium
thiosulfatewere purchased from VWRPanceatin anddiethyl zinc solution in hexane were
purchased from TCI.Diisopropylazodicarboxylatewas purchased from Carbolution
Hydrochloric acid (37%)gcyclopentadier, hydrogen peroxideg-iodobenzoic acidsodium
methoxide 3-chloroperoxybenzoic acidecetic acid andnethyl iodidewere purchased from
Acros Organics. Methanol, pentane atidthyl etherwere purchased from Brenntag and

distilled prior to use. Chemicalgere used without further purification, unless stated otherwise.



2 Experimental procedures

O
1) BH3 Mezs OH

(CHLCly)
@ pyrrol|d|ne L|AIH4 °C—>rt 8h
(MeOH) (THF) 2) NaOH H,0,
0°C—rt,2h rt, 16 h rt, 16 h

SchemeSl. Synthesis of3-|sopropylcyclopentB—enl—oI (78)

1) n-BuLi 1) BHg-Me,S OH
(Et,0) (CHQCIQ)
0 °C—rt, 30 min LiAIH,4 0°C—rt, 8h
@ 2) (0] ¥D C (THF)  p.c DAC 2) NaOH, H,O, D.C
202
Py N 7 16h ° * e , 16 h °

D3C CD3 CD3 CD3 CD3 CD3
0 °C, 5 min

8b 9b 7b

SchemeS2. Synthesis of3-(propan-2-yl-1,1,1,3,3,3ds)cyclopent3-en-1-ol (7b)

2.1 Synthesis of 6,&dimethylfulvene (8a)

CsHao
VY 106.17 g/mol

8a

Fulvene8a was synthesized according to a modified literature procedliia a solution of
freshly distilled cyclopentadiene 10.8mL, 240mmol, 1.Deq) and anhydrousacetone
(14.7mL, 200mmol, 1.00 eq.) in dry methanol 30mL) was added pyrrolidine3@.8mL,
400mmol, 200 eq.) at C. The mixture turned yellow while it was stirred at ro@mperature
for 2 hours.After diluting with diethyl ether and water (10@L each) the mixture was
neutralisedvith acetic acidThe aqueous phasesextractedwith ether (2x 100 mL) and the
combined organic layersere washed with water and brinBO(mL each), then dried over
anhydrous magnesium sulfaé@d carefully concentrated600mbar, room temperatured
afford a yellow volatile oi) which was used withut further purification in the next step as

shown inSchemeSl.

'H NMR (300 MHz, CDC#): =86.55- 6.44(m, 4H, CH), 2.21 (s, 6H, G\
TLC: Rf=0.59 (pentandCAM])
Thespectroscopidata matchdthosereportedn literaturel™!
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2.2 Synthesis of6,6-bis(trideuteriomethyl)ful vene(8b)

D5;C
8 Z CsHa4Ds
CD, 112.20 g/mol

8b

Fulvene8b wassynthesized according to a modified literature procedlife.a stirred solution
of an-butyllithium (2.5M in hexane35.8mL, 89.5 mmol, 1.15eq.)in anhydrougliethyl ether
(7 mL) was addedfreshly distilled cyclopentade 6.50 mL, 77.8 mmol, 1.00eq) over a
periodof 10min at 0°C. A white precipitate is formeonmediatdy. After warming to room
temperature the solutiomasstirred foranadditional 30 min anthencooled again to 6C. A
solution ofde-acetone 17.2mL, 234mmol, 3.00eq) in anhydroudiethyl ether(6 mL) was
addedslowly. Thewhite precipitate dissolved and the solution turned yellowerAdtirring for
an additional 5in at 0°C, the mixture was quenched by additionia# water(10 mL) and
pentang70 mL). The organic layer was separated and extractedied@tivater(70 mL) until
the agueoudayer wasneutral. Thecombinedorganiclayerswerethen dried over anhydrous
sodiumsulfate and carefully concentratée00mbar, room temperaturéd afford a yellow
volatile oil, which was sed withoutfurther purificationin the next step as shown $theme
S2. The degree of deuterati wascalculatedrom theintegrals of the proton signalstai 6 . 6 0
T 6.40and2.20 ppm(95.5% d at the methyl groups

'H NMR (300 MHz, CDC¥): U [ @60-r6J40 (m, 4H, CH)
TLC: Rr=0.59 (pentandCAM])
Thespectroscopidata matchdthosereportedn literaturel?!

2.3 General procedurefor the reduction to 1- and 2-isopropylcyclopenta-
1,3-diene (9a/9b)

To anhydrous tetrahydrofurawas added lithium aluminium hydridé.50 eq.) at 0°C
(1.00M). After stirring the suspension for bfin, the fulvene(1.00eq) wasaddeddropwise
at 0°C. Themixture wasstirred at room temperatuwmtil complete conversiomhe mixture
was treatd sibsequently withce water2 M NaOHandwater. The resulting slurry was filtered
through celite and washed wigientane The aqueous layavas extracted with pentane (2 x
and the combined organic lagevere dried over anhydrous sodigulfateand concentrated

(600mbar, room temperature)



2.3.1 Synthesisof 1- and 2-isopropylcyclo-penta-1,3-diene Qa)

;
7 ! 2 CsHa2
2 108.18 g/mol
7

9a

Compound9a was prepared according tthe general procedurg@see 2.3)with fulvene 8a
(21.0g, 197.8mmol, 1.00eq) ard lithium aluminium hydride (3.79, 98.9mmol,0.50 eq.) in
tetrahydrofurar{98.9mL), a modification ofa publishedmethod?® The reaction mixture was
stirred fa 16 h and treated with ice water (@L), 2M NaOH (4mL) andwater(12mL). The
resulting volatile, yellow oil was used withdwtrther purificationin the next step as shown in
Schemesl.

IH NMR (360 MHz, CDCL): U £ @54+5]95(m, 3H, H-1-4), 2.94- 2.91(m, 2H, H-5),
2.76-2.59(m, 1H, H-6), 1.16- 1.14(m, 6H, H-7).
TLC: Rr=0.86 (pentandCAM])

Thespectroscopidata matcedthosereportedn literaturel®

2.3.2 Synthesis of 1and 2-(propan-2-yl-1,1,1,3,3,3ds)cyclopental,3-diene(9b)

1
! 1 2 CsHeDs
DsC Yo DsC Y 114.22 g/mol

7

9b

The reduction wasarried out according to the general procedure 2s®ewith fulvene 8b
(6.88g, 613 mmol, 1.00eq) ard lithium aluminium hydride (1.1, 30.6mmol, 0.9 eq.) in
tetrahydrofurar(31 mL). The reaction mixture was stirredr fb6 h and treateavith ice water
(2mL), 2M NaOH (2mL) and water(6 mL). The resulting volatile, yellow oil was used

without further purificationin the next step as shown$theme 3.

IH NMR (360 MHz CDCL): U [ p p m]95(m, 36 H-54), 2.962.89(m, 1H, H5),
2.64 ¢, J=19.6 Hz,1H, H-6).

Degree of deutation >95%

TLC: Rf=0.86 (pentandCAM])
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2.4 General procedure for thehydroboration to 3-isopropylcyclopent3-en
1-ol (7al7b)

A solution of borane dimethyl sulfide comple®BDMS) (1 M in dichloromethane0.9 eq)
was addediropwiseto thecrudedieneat 0°C. After 1h, the mixture was warmed to room
temperature and stirred for h6After addition ofNaOH (2M) and HO- (35%) stirring was
continued for24 h. The solidformedwas removed by filtration and washedh diethyl ether.
Theorganic phase was washetith water and dried ovesodium sulfateAfter removing the
solvent under reduced press@@0mbar, room temperaturejje crude prodict was purified

via column chromatographipentane/diethyl ethes;2).

2.4.1 Synthesis of disopropylcyclopent3-en-1-ol (7a)

OH

1

CsH140
126.20 g/mol

7

7a

The hydroboration wasarried out according to the general procedure &sdewith diene9a
(12.019g, 934 mmol,1.00eq), BDMS (1 M in dichloromethang4 67 mL, 467 mmol,0.50 eq.),
NaOH (2M, 7.5mL), and HO- (35% 7.5mL). After column chromatographgyclopentenl
7a(590mg, 4.6 mmol, 34%yield over three stepsyas obtained agellow oil.

IH NMR (500 MHz,CDCl): U £ 527 (8] 1HH-4), 449 (tt, J = 6.2, 2.2Hz, 1H, H-1),
2.73-2.%2 (m, 2H, H-5), 2.34 (dtJ = 13.7, 6.Hz, 1H H-6), 2.25 (t,J = 18.6 Hz, 2H H-2),
1.04 (t,J=7.0 Hz, 6H H-7).

13C NMR (75 MHz, CDCkL): U [ B4®. %G, G3), 118.4(CH, G4), 72.4(CH-OH, G1),
43.5(CHy, C-2), 42.8(CHz, C-5), 29.9(CH, G6), 21.5(CHs, C-7), 21.4(CHz, C-7).

HRMS (EI, 70eV): calc. for GH140:" [M™]: 126.1039found: 126.1042

IR (ATR):’ [cm™Y] = 3347 (br, O-H), 3054(w,=C-H), 2959(s, -CHs), 2929 &, -CHy), 2872
(s,-CHa), 2845(s,-CHy), 1711 (w, C=C),1040 (m, GOH).

TLC: Rr= 0.22(pentane/diethyl etheb; 2, [CAM])



2.4.2 Synthesis of3-(propan-2-yl-1,1,1,3,3,2ds)cyclopent3-en-1-ol (7b)

OH
; : CsHsDsO
DsC > 132.24 g/mol
CDg3
7b

The hydroboration wasarried out according to the general procedure Zs§evith ds-diene
9b (4.11g, 36.0mmol, 1.00eq), BDMS (1 M in dichloromethags, 18.0mL, 180 mmol,
050eq.), NaOH (2M, 30mL), and BO. (35% 30mL). After column chromatography
ds-cyclopentenl 7b (2.81g, 212 mmol, 27%yield over three steps) was obtainedyaiow
oil.

'H NMR (500 MHz,CDCl): 0 [ $25(s]1H,3#4), 4.46(tt, J= 6.1, 2.3Hz, 1H, H1),
2.661 2.54 (m 2H, H5), 228(s, 1H, H6), 2.2 (t, J = 18.6Hz, 2H, H2).

Degree of deutation >95%

1I3C NMR (91MHz,CDClL): U [ p49. 13, C-3), 118.3 (CH, &4), 72.3(CH-OH, G1),
43.4(CHg, C-2), 42.7(CHz, C-5), 29.4 (CH, &%), 20.9(br.,CDs3, 2 C, C-7).

HRMS (El, 70eV): calc. for GHgDsO1" [M*]: 132.1416found: 132.1417

IR (ATR):’ [cm™] = 3343 (br, O-H), 3055(w, =C-H), 2925(s, -CH.), 2860 (m, -CH), 2846
(s,-CHy), 2215 §,-CDz), 2126 (v, -CDz3), 2067 (v, -CDs), 1708 (v, C=0), 1057 6, GOH),
833fv, C=CGH).

TLC: Rr= 0.22(pentane/diethyl etheb,;2, [CAM])

2.5 Kinetic resolution of 3-isopropylcyclopent3-en-1-ol (7a) to produce (+)-
3-isopropylcyclopent3-en-1-yl acetate(+)-11a

O
9

OH OH Q/<
3

kinetic resolution_ \ ;
7 3
C10H1602
168.24 g/mol

(+)-7a (+)-11a

A suspension otyclopentenol7a (1.52g, 120 mmol, 1.00eq), pancreatin X2.0g), vinyl
acetate 2.3 mL, 24.1mmol, 200eq), andtriethylamine(3.34 mL, 24.1mmol, 200eq) in
acetone (5%nL) was stirred at room temperature. Afged, the mixturewas filtered through

SO



celite. The filtrate was cocentratedtaken up in diethyl ethendfiltered through a silicglug.
The solvert was evaporated After column chromatography(pentane/diethyl ether§0:1,
1%triethylaming the alcohol35%ee) and thacetatg+)-11a(313mg, 1.86mmol, 95%ee,

31%) was isolatedt 35% conversion

IH NMR (500 MHz,CDCL): U [ 538 (tt}) = %0, 2.8Hz, 1H, H-1), 5.27 (hept = 2.1
Hz, 1H H-4), 2.78- 2.65(m, 2H, H-5), 2.39- 2.27 (m, 3H H-6, H-2), 2.03 (s, 3K H-9), 1.04
(t, J=6.7 Hz, 6H H-7).

13C NMR (75 MHz,CDCls): U [ppm] = 171.3 (C=0, &), 148.6 (C, €3), 118.5(CH, C4),
74.9(CH, C-1), 40.4(CHz, C-5), 39.5(CHzy, C-2), 29.7 (CH, G6), 21.5(CHjs, C-9), 21.4(CHz,
C-7), 21.3(CHs3, C-7 6 )

TLC: Rr= 0.3(pentane/diethyl ethe20:1, [CAM])

Optical rotation: | = +5.1(c =1.28,CHCI3, 95%e@

2.6 Deacetyldion of (+)-3-isopropylcyclopent3-en-1-yl acetate((+)-11a) to
produce (1 )-3-isopropylcyclopent3-en-1-ol ((i )-7a)

OH
CsH140
126.20 g/mol
(r)-7a

Acetate(+)-11a(560mg, 3.33 mmol) was sirred ina solution ofNaOH (2.5M in methano)
19.3mL) at room temperaturéfter 2 h the reaction mixture was neutralized with HCM}
andextracted withdiethyl ether(3 x 20mL). The combined organiayers weravashed with
water (20mL) and dried ovesodium sulfateThe solvent was removed under reduced pressure
(600mbar, 40°C) and the crude produpurified via column chromatographipentane/diethyl
ether, with 1% triethylaming to obtain cyclopenenol (i )-7a (329mg, 2.61 mmol, 78%).

| =13.6° (c=0.83,CHCl3, 95%e#6), R:= 0.13(pentane/diethyl etheb;1).

The spectroscopic dataatchthosereported in2.4.1for the racemic compound

S10



2.7 Mitsunobu reaction of (i)-3-isopropylcyclopent3-en1-ol ((1)-7a) to
produce (+)3-isopropylcyclopent3-en-1-ol ((+)-7a)
OH

CsH140
126.20 g/mol

(+)-7a
Diisopropylazodicarboxylat€DIAD) (1.02mL, 5.21 mmol, 2.00eq) was slowly added to a
solution of triphenylphosphine(1.37g, 5.20 mmol. 2.00eq) in anhydrousdiethyl ether
(15mL) at 0°C and stirred for30min. Then a solution otyclopentenl (i)-7a (329mg,
2.61 mmol, 1.00eq) and benzoic acid (68mg, 5.2 mmol, 200eq.) in anhydrousdiethyl
ether(15mL) was slowly addedThe reaction mixture was warmed to room temperature and
stirred for 17h. Themixture was filtered and conceated. Then NaOH (2.8l in methano|
12 mL) wasadded to the residue and stirmaernight After neutralization with HCI (21), the
mixture was extracted with diethyl eth&he combined organic layers wevashed with wate
and dried over sodium sulfatehd solvent was evaporaté@00mbar, 40°C) and the crude
product was purified by column chromatograpfpentane/diethyl ether5:1 with 1%
triethylaming to yield cyclopenerol (+)-7a (234 mg,1.85mmol, 71%) asyellow oil. | =
+3.6 (c=0.83, CHCl;, 990ed. Rf= 0.13 (pentane/diethyl ether5:1, [CAM]). The
spectroscopic dataatchthosereportedn 2.4.1 forthe racemic compound.

2.8 General procedure forthe cyclopropanation

To a solution of theyclopentenol7a/7b in anhydrousdichloromethan€0.1 M) was added

diethyl zinc (IM in hexane,2.00eq) at 0°C. After stirring for 10min, diiodomethane
(2.00eq) was added. A white precipitafermed whilethe mixture was allowed to warto

room temperature. After full conversiothe reaction mixture wadiluted with ether and
washedsubsequently with a solution of saturated ammonium chloride and a solution of
saturated sodium thiosulfate. The combined orgdayers weredried over anhgrous
magnesium sulfate and the solvent was removed under reduced pressure. The crude product

was purifiedvia column chromatographipentane/diethyl etheb; 2, [CAM]).
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2.8.1 Synthesis of lisopropylbicyclo[3.1.0]hexan3-ol (6a)

OH
2 CoH160
s> 1 140.23 g/mol
6 /H

6a
The reaction was performed as described in 2.8.1 with the usglopenteol 7a (1.274,
10.1 mmol, 1.00eq) in anhydrousdichloromethang100mL), 1M diethyl zinc (201 mL,
20.1 mmol, 2.00eq) in hexane and diiodomethane @r6L, 201 mmol, 2.00eq) The
reaction mixture was stirred for 16 After purification via column chromatography
cyclopropar 6a(1.18g, 8.8 mmol, 84%)was obtaineds yellow oil.

IH NMR (500 MHz,CDCl) : U [ p p od6.7Hz, ¥4, HB 2.13 (dtJ = 14.0, 5.5Hz,
1H, H-4), 2.01 (dddJ = 14.0, 6.8, 1.8z, 1H, H2) 1.67 (d J = 14.0 Hz, H, H-49, 1.63 (d,J
= 14.0Hz, 1H, H29, 1.35 pr. s, 1H, OH)1.36 (dg,J = 13.5, 6.8 Hz, #, H-7), 1.04 (dt,J =
8.5, 4.4Hz, 1H, H-5), 0.92 (dJ=6.8 Hz, #H, H-8),0.87 @,J=6.8 Hz, 3, H-8 p0.69(t, J=
4.2Hz, 1H, H-6), 046- 0.41 (m 1H, H-6

13C NMR (75 MHz,CDCl): U [ 188 (@H-OH; G3), 39.1(CH,, C-4), 38.9 (CH, C-2),
34.9 (C, G1), 33.0(CH, G7), 22.6(CH, G5), 20.2(CHs, C-8), 20.2(CHs, C-89, 17.1 (CH,
C-6).

HRMS (El, 70eV): calc. for GH14" [(M-H20)*]: 122.1090Q found: 12.1085

IR (ATR):’ [cm}] = 3354 (s, -OH), 3072 (w,cyclopropang 3010 (w,-CH), 2994 (m;CH),
2955 (s-CHg), 2927 (s;CH>), 2871 (s-CHa), 2853 (s;CHjz), 1454(w, -CH>), 1363, (n), 969
(m).

TLC: Ri= 024 (pentane/diethyl etheb; 1, [KMnO4])

2.8.2 Synthesis of (+}1-isopropylbicyclo[3.1.0]hexan3-ol ((+)-6a)

OH
3
. CoH160
>1.1 /' 140.23 g/mol
6 H

(+)-6a

The reaction waperformedas described ithe general procedustarting from the optically

active cyclopenteol (+)-7a (223mg, 1.77mmol, 1.00eq) in anhydrous dichloromethane

S12



(17mL), 1M diethyl zinc (3.54nL, 3.54mmol, 2.00eq) in hexaneand diiodomethane
(285pL, 3.54mmol,2.00eq). The productyclopropang+)-6a(132g, 941umol, 53%) was
obtained as yellow aqil| =+42.2(c=0.77,CHCI3 95%e@. The spectroscopic data f@1)-
6awere identical to thosaescribed foba.

Rt = 0.24(pentane/diethyl etheb; 1, [KMNnO4])

2.8.3 Synthesis ofl-(propan-2-yl-1,1,1,3,3,3ds)bicyclo[3.1.0]hexan3-ol (6b)

D3C ; CoH10DsO
)T 146.26 g/mol

6b

The reaction was performed as describedthe general procedure starting from the
cyclopentenl 7b (588 mg, 4.45mmol, 1.00eq) in dichloromethané€0mL), 1 M diethyl zinc
(8.90 mL, 8.90 mmol, 2.00eq) in hexane and diiodomethan&l8uL, 8.90 mmol, 2.00eq)
The reaction mixture was stirred for b6 After purificationvia column chromatography
cyclopropanéb (466 mg, 3.18mmol, 72%) wa®btainal asa yellow oil.

IH NMR (500 MHz,CDCL) : U B.®7ftdd 6.4z, 1H, H3), 2.15- 2.08 (m, 1H, H4),
1.99 (dddJ = 14.0, 6.8, 1.6 Hz, 1H, 1), 1.66 (dd,J = 14.2, 3.1 Hz, 1H, HI9, 1.61 (d,J =
14.0 Hz, 1H, H2§, 1.44 (s, 1H, OH), 1.32 (4H, H-7), 1.02 (dtJ = 8.6, 4.4 Hz, 1H, b),
0.68 (t J=4.1Hz, 1H, H-6), 0.44-0.40 (m, 1H, H6 6 ) .

Degree of deuteration: >95%

13C NMR (126 MHz, CDCk): U [ W@ {@HOHsG3), 39.2(CH,, C-4), 38.9(CH,, C-
2), 34.9(C, G1), 32.5(CH, G7), 22.6(CH, C5),19.2 (br., CD, 2C, G8 / 818.0(CH., C-
6).

HRMS (El, 70eV): calc. for GHsDs" [(M-H20)*]: 128.1467, found: 128.1470

IR (ATR): ’ [em™}] = 3344 (I, -OH), 3072 ( 5" C), 3010 (w-CH), 2994 (m-CH), 2924 (s,
-CHpy), 2877 (s;CH), 2210 (s;CDs), 2126 (w,-CDz3), 2070 (m,-CDs), 1433(m, -CH>), 1298
(m), 1056 (s, GOH)

TLC: Rr= 0.24(pentane/diethyl etheb,; 1, [KMnO4)])
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2.9 General procedure for the oxidation to 1-isopropylbicyclo[3.1.0]hexan
3-one(10a/10b)

The readbn was carried outnder aiatmosphereA suspension a-iodoxybenzoic acidlBX)

(3.00eq) in dimethyl sulfoxide(approximatelyl.0 M) was stirred at room temperature for

30 min, before the alcohd@a/6b (1.00eq) in dimethyl sulfoxide(approximatelyl.5M) was

added. The reaction mixture was stirred at room temperature until full convéisereaction

was quenched with saturated sodium thiosulfate and the phases were separated. The aqueous
layer was extracted with diethyl ether. Then the combined ordmyecs werewashed with

brine anddried over anhydrous magnesium st The solvent was removed under reduced
pressurg300mbar/ 40°C)Column chromatograph{pentane/diethyl ethe20:1)affordedthe

ketone

2.9.1 Synthesis of lisopropylbicyclo[3.1.0]hexan3-one (103
(0]
3
8
1 CoH140
> s 138.21 g/mol
. H
10a

The reaction waperformedaccording to the general procedure as describ2®inith the use
of IBX (7.05¢g, 25.2mmol, 3.00eq) in dimethyl sulfoxide Z5mL) andalcolol 6a (1.18g,
8.39mmol, 100 eq.) indimethyl sulfoxide (6nL). The reaction was stirred forh4 The
reaction was quenched with sodium thiosulfater(il(. After column chromatography the
ketonelOa(897mg, 6.8 mmol, 77%)wasobtainedas yellow oil.

IH NMR (500 MHz,CDCL) : & [ p fgdotd,J =18.2 5.6 2.0, 1.2 Hz, 1HH-4), 2.47
(dtd,J=18.8, 2.3, 1.2 Hz, 1HH-2), 2.20 ¢, J = 18.9Hz, 1H, H49, 2.12 ¢1,J= 18.8 Hz, 1H
H-29, 1.46- 1.39 (m, 1H H-7), 1.34 (ddd,) = 9.6, 5.0, 3.3Hz, 1H, H-5), 1.00 (d,J= 6.8 Hz,
3H, H-8),0.92 (d,J=6.9 Hz, 3HH-8 ) 0.76 (ddtJ=7.8, 5.4, 2.1 Hz, 1HH-6), 0.07 (ddJ =
5.6, 3.9 Hz, 1HH-6

13C NMR (75 MHz,CDCl): U [ 218.6n(L=05C3), 42.6 (CH, C-4), 41.9(CH,, C-2),
33.1(CH, G7), 30.4(C, G1), 20.0(CHs, C-8), 20.0 (CH, C-89 18.5(CHz, C-6), 18.1(CH,
C-5).

HRMS (EI, 70eV): calc. for GH140:" [M™]: 138.1039, found: 138.1039
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IR (ATR):’ [cm™] = 3055 (w,-CH), 3031 (w-CH), 2957 (s-CHjs), 2903 (m;CH,), 2873 (m,
-CHs), 1744 6,-C=0), 1465 (m-CHy), 1153 (m)
TLC: Rr= 0.26(pentane/diethyl ethe20:1, [KMNnO4])

2.9.2 Synthesis of (+}1-isopropylbicyclo[3.1.0]hexan3-one ((+)10a)

0
3
8
1 CoH140
" 5 138.21 g/mol
 H

(+)-10a

The reaction waperformedaccordingo the general proceduas described i8.9with the use
of IBX (1.15¢, 4.09mmol,3.00eq) in dimethyl sulfoxide4 mL) and alcoho(+)-6a (191 mg,
1.36mmol, 1.® eq.) in dimethyl sulfoxide (inL). Theketone(+)-10a(77.7 mg, 0.56mmol,
41%) wasobtained as yellow aqil| =+528 (c=1.12,CHCl,95%ee. The spectroscopic
data for (+)10awere identical to those described ida

2.9.3 Synthesis ofl-(propan-2-yl-1,1,1,3,3,3ds)bicyclo[3.1.0]hexan3-one (10b)
8 3
D3C 1 CoHsDsO
N s 144.25 g/mol
D4C H

The reaction waperformedaccording to the general procedure as describ@®id with the
use of IBX (2.67g, 9.54mmol, 3.00eq) in dimethyl sulfoxide (10nL) and thealcolol 6a
(465mg, 3.18mmol, 1.00eq) in dimethyl sulfoxide (4nL). The reaction was stirred fortd
The reaction was quenched with sodium thiosulfatel(; After column chromatography

ketonelOb (404 mg, 2.8 mmol, 88%) wasobtainedasa yellow oil.

IH NMR (500 MHz,CDCl): U [ D61 (i} J=28.9, 4.6Hz, 1H H-4), 2.47 (d,J = 18.9
Hz, 1H, H-2), 2.19 (ddJ = 19.0, 2.3 Hz, 1HH-49, 2.12 (d,J = 18.9 Hz, 1H H-2§, 1.38 (s,
1H, H-7), 1.34 (ddd,) = 8.1, 5.6, 4.0 Hz, 1H, #5), 0.76 (t,J = 6.8 Hz, 1H H-6), 0.06 (t,J =
4.9 Hz,1H, H-60.

Degree of deuteration: >95%
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13C NMR (75 MHz,CDCL): Ui [ppm] =218.6 (C=0, €3), 42.6(CHz, C-4), 41.9 (CH, C-2),
32.6 (CH, G7), 30.3(C, C-1), 18.5(CH., C-6), 18.1(CH, C-5).

HRMS (El, 70eV): calc. for GHgDsO1" [M™]: 144.1416, found144.1403

IR (ATR):’ [cm™] =3055 (w,-CH), 2983, (w-CH), 2933 (m;CHy), 2901(w, -CH), 2879 (m,
-CHy), 2210 (m-CD3), 2129 (w,-CD3), 2071 (w,-CD3), 1742 6,-C=0), 1409 (w), 1153 (m),
1055(m).

TLC: Rr= 0.26(pentane/diethyl ethe20:1, [KMNnO4])

2.10General procedure for methylation to» -thujone (1a/1b)

To a stirred solution oketore 10a/10b(1.00eq) in anhydrougetrahydrofuran(0.1 M) was
slowly added ptassium bis(trimethylsilyl)Jamide (KHMDS) (15% in toleerl.00eq) ati

78 °C. After 30min, N,N-dimethylN,N*-trimethyleneurea (DMPUJ1.16eq) and methyl
iodide (L.00eq) were addedequentially Stirring was stopped 10 sec after complete addition.
After 2 h ati 78 °C, the reaction wagirecly quenched at 0C with satuatedsodium hydrogen
carbonate and the aqueous phaseexamicted with diethyl ether (3x). The combined organic
phase was washesibsequentlyvith water (2x) andrine, dried over anhydrous magnesium
sulfate and concentrated under vacuum. The tolwemtainedwas removedvia column
chromatographypentane/diethyl ethef:0° 0:1). Afterwardsthe crude product was purified
via column chromatographfpentane/diethyl ethe$0:1° 40:1)

2.10.1 Synthesis of» -thujone (1a)

0
3
8 o C10H160
>1;§5 152.24 g/mol
6 l/H

la

The methylatiorwas carried out according to the general procedure (see 2.10) with k6&ne
(100mg, 723 umol, 1.00eq) in anhydrougetrahydrofurar{(7 mL), KHMDS (15% in toluee,
1.10mL, 723 umol, 1.00eq), DMPU (102puL, 839umol, 1.16eq) and mehyl iodide
(45.2puL, 723 umol, 1.00eq). After column chromatography a-thujore la (82.6 mg,

543 umol, 75%) wasobtainedas colourless ail
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'H NMR (500 MHz, CDC}) : U [ p p odJ=%8.8223,3.4Hz,(1d, H2), 2.21 (qJ
=72Hz, 1H, H4), 2.07 (dJ=18.8 Hz, 1H, -2 6 ) , hept.J8 ®@8Hg, 1H, H-7), 1.15 (d,
J=7.5Hz, 3H, H9), 1.08 (ddJ = 8.1, 4.0 Hz, 1H, kb), 1.00 (d,J = 6.8Hz, 3H, H8), 0.95
(d,J=6.8Hz,3H,H8 6 ) 0d,F=681,(5.6,2.5 Hz, 1H, ¥6), 0.12 (ddJ = 5.6, 41 Hz,
1H, H-60.

13C NMR (91 MHz, CDClk): U [ P2p.™([C=05=E3), 47.5 (CH, &4), 39.9 (CH, C-2),
33.1(CH, G7),29.8 (C, G1), 25.7(CH, G5),20.1 (CH, C-8),199 (CH,C8 6 ) (amg,. 9
C-9), 18.4 (CH, C-6).

Thespectroscopic datmatchedo thosereportedn literature!®

TLC: Rr=0.20 (pentanéiethyl ether, 40:1][KMnQ4])

2.10.2 Synthesis of {)-» -thujone (1a)

0
3
8 9
. o C10H160
b 152.24 g/mol
. H

(N-1a

The reaction waperformedaccording to the general procedur&if0 with the use dfetone
(+)-10a (30mg, 217 umol, 1.00eq) in anhydrougetrahydrofuran{3 mL), KHMDS (15% in
toluene, 434uL, 217umol, 1.00eq.),DMPU (30.5uL, 251umol, 1.16eq) and methyl iodide
(23.6pL, 217umol, 1.00eq). The producti()-1a (12.6mg, 82.8umol, 38%) was isolated as
volatile liquid. | =17199 (c=1.02, CHCI3;, 95% eg. The optical rotation matches with
literature value of enantiomeric purg){ -thujorela| =7120.5(c=1.0, CHCls, 99%eée/

| =1727.16/% The pectroscopic data f@i )4 -thujone lawere identical to those described

for| -thujore la.

2.10.3 Synthesis ofds-thujone (1b)

0
8 3
D€ | )" CioHuDsO
)" s 158.27 g/mol
DC ¥ H
1b

The reaction was carried out as describe®.itO with ketonelOb (625mg, 4.33mmol,
1.00eq) in anhydrous tetrahydrofurd@8 mL), KHMDS (8.67mL, 4.33mmol, 1.00eq),
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DMPU (608 L, 5.03mmol, 1.16 eq.) and methyl iodideZ71uL, 4.33mmol, 1.00eq). After
purificationde-thujore 1b (425mg, 2.69mmol, 62%) wasobtained

'H NMR (500 MHz,CDCl) : U  [2.p4p(an]]= 189 Hz, 1H, H-2), 2.21 (g,J = 7.5 Hz,
1H, H-4), 2.07 (dJ = 18.9 Hz, 1HH-29, 1.32 (s, 1HH-7), 1.15 (dJ = 7.5 Hz, 3H H-9), 1.08
(dd,J=8.1, 4.0 Hz, 1HH-5), 0.75 (ddi, J= 6.8, 5.7, 1.8 Hz, 1HH-6), 0.11 (t,J = 5.0 Hz, 1H
H-69.

Degree of deuteration: >95%

1I3C NMR (75 MHz,CDCl): U [ 22p.73=0,=G3), 47.5(CHy, C-4), 39.9 (CH, C-2),
32.6(CH, G7), 29.6(C, G1), 25.6 (CH, €5), 18.8 (CH, C-9), 18.4(CH,, C-6).

HRMS (El, 70eV): calc. for GoH10DsO1" [M*]: 158.1572, found: 158.1573

IR (ATR):’ [cm™] = 3054 (w,-CH), 3017 (w-CH), 2963 (m;CH), 2929 (m;CH,), 2873(m,
-CHpy), 2210 (m;CDs3), 2128 (w-CDz3), 2071 (w,-CDs), 1739 §,-C=0), 1455 (m-CH.), 1056
(m).

TLC: Rf= 0.20(pentane/diethyl ethe40:1, [KMnO4])

2.11 Preparation of methyl(trifluoromethyl)dioxirane (TFDO)

C')><;F3 CsHsF20:2
O 128.05 g/mol
12

A 1L, threenecked, round bottom flask, was equipped with éwaad stirrer, a septum and a
condensewhich was attached to a 25 mdaeiving flask by a distillation receiver with an argon
balloon (see Figure S1). Prior to use all glassware was tripimsed with EDTAsolution
(0.1M), water and acetone. The condenser and the receiving flask were ¢dal8d@by an
i-propanol bath with dry ice. The sa@b was then purged with argon, charged with a slurry of
26.0g NaHCQ in 26 mL Millipore-water and cooled to @ with an ice bath. Under vigorous
stirring, freshly grinded 48 Oxone was added in onerpon under strong evolution of GO
gas. After 2min 24.0mL trifluoroacetone was added to thaecgon mixture within 20 seasing

a precooled dropping funnel. After few seconds, the pale yellow solution of the
methyl(trifluoromethylylioxirane in trifluooacetone startea tcondense and within 20 mé

10mL liquid was collected in the cooled receiving flask.
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over head stirrer

L

trifluoro-
acetone

dropping
funnel

1000 mL

water
NaHCO,
Oxon’

0 balloon

Figure S1: Setup for the synthesis of TFDO.

The receiving flask was tightly closed with a septum, coveredakitininum foil and stored at
180°C. The concentration of TFDO was determined iodwitely by the addition of 0.inL
of the TFDO solution to a mixture of 0.28BL saturated Kisolution and 1.0nL glacial acetic
acid. The resulting darked solution was tiated with a freshly prepared aquedN&S,0s3

solution (0.09V), indicating a concentration of OM.

Needle -78°C Falcon tube 1 mL Syringe

N\

0

\

= Syringe filter Falcon tube cap
FRIOHICO, (pad removed) @ (to close the mantle)

Figure S2: Mantle-cooled syringe for handling of volatile ceactive liquids and solutions

Handling of the volatile liquid was performediat8 °C with a mantlecooled syringe, which
was made from of a falcon tube, a syringe filter andrd_Byringe. A hole was cut into the tip
of the falcon tube. The filter pad was removed from the syringe &hd then connected to the
falcon tube with the help of a heat gun. The length of the falcon tube was adjusted to fit the
1 mL syringe (sedigure S2. Freshly crushed dry ice was added into the cooling mantle and
mixed withiso-propanol. The needle wase-cooled afi 78 °C prior to use. The syringe was
then used as usual to pull up and measure the volume of the-3éiD»N.
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2.12 Synthesis of 7hydroxy thujone (3a)

O
s 3 0 C10H1602
o s 168.24 g/mol
HO—"" 5
w H

3a

A solution of (- )- -thujore1a(10.0 mg,66.0 umol, 100 eq) in dry dichloromethan€0.7 mL)
wascooled tai 20 °C with a cryostateA 0.7 M TFDO solution £0.28 mL, 198 pumol, 3.00eq)

was added using a mantteoled syringe. The reaction mixture was stirred 20 °C until
reaction control by G@1S-analysis ofan aliquot indicated clean conversion of the sigrti
material to a single produ¢t90% conversion). The reaction was quenched after 320aC

with saturated N&5Os solution(0.1 mL). After warming up to room temperature, wgtemL)

was added and the reaction mixture was ex#gdcivith dichloromethane (810 mL). All
organic phases were combined, dried ovesS@y, filtered and concentrated under reduced
pressure to yield the product. To remove residual solvent traces a column chraptatog
(pentane/diethyl ether,2, [KMnQO4]) was performed and an analytically pure sample of the

volatile product was isolated aslorlessoil.

IH-NMR (500 MHz,CDC}) : U [ p p m]J=$8.822.8718 HZ, tHdgHa), 2.29 (qd,J
=7.5, 1.3 Hz, 1HH-4), 2.18 (dJ = 18.8 Hz, 1HH-2 ) 1.34 (dd,J = 8.5, 43 Hz, 1H, H5),
1.31 (s, 3H, HB), 1.21 (s, 3H, 8 ¥ 1.18 (d,J = 7.5 Hz, 3H, H9), 1.12 (ddd,) = 8.4,5.7, 2.6
Hz, 1H, H6), 0.11 (ddJ=5.7, 4.3 Hz, 1H, k6 )

13C-NMR (101 MHz, CDC}) : [ppin] = 220.8 C=0, C-3), 70.1 C, C-7), 47.5 CH, C-4),
41.3 CHg, C-2), 33.3 C, C-1), 27.7 CHs, C-8), 27.5 CHs, C-8 ¥)23.6 (CH, C-5), 18.4 CHs,
C-9), 16.4 CHy, C-6).

TLC: Rf=0.2(pentane/diethyl ethet;1, [KMnOy))

The spectroscopic data matctiadse reported in literatufd.

2.12.1 Synthesis ofds-hydroxy thujone (3b)

0]
3
D3C e C10H10D602
7 1
HO "~/ 174.15 g/mol
DSC 6 /H

3b
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The reaction was carried out as describe@.® with the use ofds-thujone 1b (10.0 mg,
63.0 umol, 1.00eq.) 0.7M TFDO solution (~0.2Z7 mL, 189umol, 3.Meq) with >90%
conversion(seeScheme S8). An analytically pure sample of the volatile titte compound was

obtained after column chromatograppgntane/diethyl ether; 2 [KMnQOys]) ascolorlessoil.

'H-NMR (500 MHz,CDC$) : U [ p p m]J=%9.022.97183 H¢, dH| ), 2.29 (q,J
=7.5 H, 1H, H4), 2.18 (dJ = 18.8 Hz, 1H, H2 % 1.34 (ddJ = 8.5, 4.2 Hz, 1H, ), 1.18
(d,J=7.5Hz, H, CHy), 1.14- 1.10 (m, 2H, H6), 0.11 (dd,J= 5.9, 4.7 Hz, 1HH-6 6
Degree of deutation >95%

1I3C-NMR (126 MHz, CDCE) : U [ pp m] , G3), BOOWC, B7), 475(CH, C-4),
41.2 CHy, C-2), 33.2(C, C-1), 26.7 (br., CB, 2C, G8 / 828.6 (CH, C-5),18.4 CHs, C-9),
16.4 CHz, C-6).

HR-MS (El, 70 eV):calc. forCioH10DeO2: 174.1527, foundl74.1521.

IR (ATR):’ [cmY] = 3446 (byr OH), 2964 (w, CH), 2929 (w, CH), 2872(@H), 2227 (w),
1731(s, C=0), 1455 (m-CHy), 1371 (W), 1264 (w), 1212 (w).156 (m), 1097 (m), 1051 (s)
811 (m), 700 (w).

TLC: Rf = 0.2(pentane/diethyl ethet,;1, [KMnQ4])

product
D N/
ol Vn
DsC

‘}
(1
I
I

§07 ’
DsC_ .
TVu ;
DsC

s.m

— A 1PN
e T I o o T T T T T T
400 500 600 700 800 9.00 10.00 11.00 12.00 13.00 14.00 1500 16.00 17.00 18.00 19.00 20.00

Scheme 3. GC-Analysis of the crude reaction mixture of the TFDO oxidation of 1b
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2.13Synthesis of (R)-2-hydroxythujone (4a4b) and » -4-hydroxythujone

(5a/5b)
o] OAc
isopropenyl acetate
et p-TsOH
wee . 0 + e
\7 - 3d,110°C > > -
m-CPBA
0°C—t, 3h
0] (0]
HO i _BMH,SO0, AcO NaOMe OH
—_— ey,
v/, “aenn 24 h, rt v/
/H /H
5a
Scheme 8. Synthesis of(R)-2-hydroxythujone (4a) and » -4-hdroxythujone (53)
0 OAc OAc
isopropenyl| acetate
DC_ | /) pTSOH 1y ¢ "4 D
Ny 3d,110°C Y Y
D3C D4C D4C
1b 14b
m-CPBA
0°C—tt, 3h
0 (0]
5 go ,,,,, 3M sto4 ,,,,, . b c LOAC NaOMe 0.G ,OH
T o “asnt . 3 2ant N/
‘H 'H
DsC D4C
4b 5b

Scheme S. Synthesis ofds-(R)-2-hydroxythujone (4b) and ds-» -4-hydroxythujone (5b)

2.13.1 Synthesis  of (1S4R,5R)-1-isopropyl-4-methylbicyclo[3.1.0]hex2-en-3-yl
acetate (133 and (1S,59)-5-isopropyl-2-methylbicyclo[3.1.0]hex2-en-3-yl

acetate(149)
0 0
1
0 0
C12H1802 3 C12H1802
194.27 g/mol 8> 1 e > 194.27 g/mol
6 /H /H
13a l4a
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Compoundsl3a/l4awere synthesized according to a modified literature proce@ur.
solution of (1)-] -thujore 1a (100mg, 656 umol, 1.00eq) in isopropenyl acetate8{9uL,
7.55mmol, 11.5eq) was treated witlp-toluenesulfonicacid (0.2 mg, 59.2 umol, 0.09eq)
and heated to 11TC in a pressure vidbr 3d. The dark brown reaction mixture was purified
via column chromatographypentane/diethyl etherd:00 20:1). The nonresolved mixture
(124 mg, 638 pumol, 97%yvyield) of the 3,4enol acetatd4a(25%) and the2,3-enol acetaté3a

(75%) was used withodtrtherseparatioras shown irScheme 8.

2,3-enol acetatel3a

IH NMR (300 MHz, CDC#):  6.64%s, 1HH-2), 2.59(q, J = 7.08 Hz,1H, H-4), 2.10 (s, 3H
H-11), 1.36 (dt,J = 13.6, 6.8 Hz, 1HH-7), 1.08 (d,J = 7.0 Hz, 3H H-9), 0.99 (d,J = 6.8 Hz,
3H, H-8), 0.93(m, 1H, H-5), 0.91 (d,J = 6.8 Hz, 3H H-8 % 0.75 (dd,J = 7.9, 4.1 Hz, 1HH-
6), 0.30 (tJ= 4.1 Hz, 1HH-6 )

TLC: Ri= 0.50(pentane/diethyl ethet0:1, [KMNnO4])

3,4-enol acetatel4a

IH NMR (300 MHz, CDC}):  2.664dq, J = 15.9 2.3Hz, 1H, H-2), 2.30 (dJ = 15.9 Hz,
1H, H-2 9 2.11 (s, 3KH-11), 1.60 (tJ = 2.2 Hz, 3H H-9), 1.44- 1.30(m, 2H, H-7/H-5), 0.9
(d, J= 6.9Hz, 3H, H-8), 0.88 (d,J = 6.9 Hz,3H, H-8 90.76- 0.73 (m,1H, H-6), 0.26- 0.22
(m, 1H H-6

TLC: Ri=0.42(pentane/diethyl ethet0:1, [KMNO4])

2.13.2 Synthesis of 2acetoxy-» -thujone (158 and 4-acetoxy-» -thujone (163

Ci12H180s3 C12H180s3

210.27 g/mol ﬁ ff 210.27 g/mol

To a solution of the enol acetate mixtut8a14a (124mg, 638umol, 1.00eq) in dry
chloroform (Q.45mL) was addeda solution of m-chloroperoxybenzoic acid @2.6mg,
479umol, 0.75eq) in dry chloroform (2.2mL) at 0°C and stirred for 3@nin. Then the same
amount ofm-chloroperoxybenzoic acid82.6mg, 479 umol, 0.75eq.) was addedAfter the
reactionmixture was warmed to rootemperature and stirred forh3 the mixture was diluted
with diethyl ether andubsequently washed with NaHS(@ mL), NaHCQ (3 mL) and brine
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(3 mL). The combinedorganiclayerswere dried overanhydrousMgSQs and concentrated
under vacuum The crude product mixture was purifieda column chromatography
(pentane/diethyl ethe20:1)and 2acetoxy -thujonel5a(62.1mg,295umol, 45% over two

step$ and 4acetoxy| -thujonel6a(12.4mg,59.0 umol, 9% over twostep3 wereobtained as

oils.

2-acetoxy-» -thujone 15a

'H NMR (500 MHz,CDCL): U [ %97 (8,]1H,+?2), 2.35 (qJ = 7.5 Hz, 1H, H4), 2.14
(s, 3H, H11), 1.42 (pJ = 6.9 Hz,AH, H-7),1.25- 1.07 (m, 1H, H5),1.22 (d,J = 7.5 Hz, 3H,
H-9), 1.07 (dJ = 6.9 Hz, 3H, H8), 0.97 (dJ=6.9 Hz, 3H, H8 &6 ) , - 0.07 (1®,2LH H-6),
0.53 (ddJ=6.2,4.2 Hz, 1HH-6 Y

13C NMR (75 MHz,CDCk): U [ A% In(¢=07E3),170.7(C=0, G10), 76.0(CH, G-2),
44.9 (CH, G4), 32.2 (CH, €7), 31.5(C, CG1), 24.3(CHs, C-9), 21.1(CHs, C-11), 20.1(CHs,
C-8), 19.7(CHs, C-8 6 18.1(CH, G5), 15.6(CH, C-6).

HRMS (EI, 70eV): calc. forCi2H1g0s" [M*]: 210.12%9, found:210.1253

IR (ATR): ' [cm™] = 2960 (m -CHg), 2931 (w -CHy), 2873 (w -CHs), 1760 (s-C=0), 1739
(s,-C=0), 1456 (w-CHy), 1369 (m,-CO-0O-C), 1226 §,-CO-0O-C), 1172 (w), 1083, (w), 1060
(m), 1024 (s), 94Qw)

TLC: Rs=0.29(pentane/diethyl ethet(0:1, [KMnO4])

Optical rotation: | = +0.038 (c=1.07,CHCl3, >99% e9.

4-acetoxy-» -thujone 16a

IH NMR (500 MHz,CDCl) : U PR.@Ogdu]J=18.8, 2.7 Hz, 1HH-2), 2.25 (dJ = 18.8
Hz, 1H, H-2 )5 2.06 (s, 3HH-11), 2.02 (dd,J = 8.3, 4.0 Hz, 1HH-5), 1.58 (s, 3HH-9), 1.40
(p,J =6.8 Hz, 1H H-7), 1.00 (d,J = 6.8 Hz, 3H H-8), 0.95 (d,J = 6.9 Hz, 3H H-8 5 0.76
(ddd,J=8.4, 6.0, 2.6 Hz, 1HH-6), 0.49 (ddJ = 6.0, 4.0 Hz, 1HH-6 5

1I3C NMR (75 MHz,CDCk): 0 [ 24p.7(G=0,%3), 170.5 (C=0, €10), 867 (C, G4),
38.0(CH., C-2), 32.8(CH, G7), 29.0(CH, G5), 28.8(C, G1), 22.4(CHs, C-9), 21.8(CHs,
C-11), 19.7(CHs, C-8), 19.6(CHjs, C-8 ¢ 16.3(CH>, C-6).

HRMS (El, 70eV): calc. for GoH1s02" [(MT C2H30)*]: 167.1067 found:167.1070

IR (ATR):’ [cm™] = 2958 (m,-CHjs), 2933 (m,-CHy), 2873 (w -CHzs), 1763 (s-C=0), 1735
(s,-C=0), 1464 (w -CHy), 1366 (s-CO-0O-C), 1245 §,-CO-0O-C), 1170 (w), 1078 (s), 1017

(w), 854 (w)
TLC: Rf=0.16(pentane/diethyl ethet0:1, [KMnO4])
Optical rotation: | =+0.562(c=0.67,CHCl3, >99% e®).
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2.13.3 Synthesis of4d-methyl-1-(propan-2-yl-1,1,1,3,3,3des)bicyclo[3.1.0]hex2-en-3-yl
acetate (13b) and 2-methyl-5-(propan-2-yl-1,1,1,3,3,2ds)bicyclo[3.1.0]hex2-
en-3-yl acetate(14b)

C12H12D60O2 C12H12D60O2

200.31 g/mol ;( 200.31 g/mol
9

13b 14b

The reaction was performed as described.8.1with the use ofle{ -thujore 1b (158 mg,
1.00mmol, 1.00eq), isoprgenyl acetate 1(53mL, 14.0mmol, 14.00eq) and
p-toluenesulfonic acid (19.hg, 110 umol, 0.1leq.). After purification via column
chromatography aixture (166mg, 830 pumol, 83% yield) of the 3,4enol acetatd 4b (10%)
and the 2,2&nol acetaté& 3b (90%) wasobtainedandused without further separation as shown
in Scheme &

2,3-enol acetatel3b

IH NMR (300 MHz, CDC#):  6.64%s, 1HH-2), 2.59(q, J = 7.08 Hz,1H, H-4), 2.10 (s, 3H
H-11), 1.31 (s, 1H, H7), 1.08 (d,J = 7.0 Hz, 3H H-9), 0.93(m, 1H, H-5), 0.75 (d,J = 7.9,
4.1 Hz, 1H H-6), 0.30 (tJ= 4.1 Hz, 1H H-6 )

TLC: Rf= 0.50(pentane/diethyl ethet0:1)

3,4-enol acetateldb

IH NMR (300 MHz, CDC#):  ®.66%dqg, J = 15.9 2.3Hz, 1H, H-2), 2.30 (dJ = 15.9 Hz,
1H, H-2 % 2.11 (s, 3HH-11), 1.60 (tJ= 2.2 Hz, 3H H-9), 1.39 (d,J = 7.6Hz, 1H, H5), 1.33
(s, 1H, H7),0.76- 0.73 (m,1H, H-6), 0.26- 0.22 (m, 1HH-6 1

TLC: Rr= 0.42(pentane/diethyl ethet0:1, [KMnO4])

2.13.4 Synthesis of4-methyl-3-oxo-1-(propan-2-yl-1,1,1,3,3,3ds)bicyclo[3.1.0]hexan
2-yl acetate (15b) and 2-methyl-3-oxo-5-(propan-2-yl-1,1,1,3,3,3
ds)bicyclo[3.1.0]hexan2-yl acetate(16b)

C12H12D6O3 Ci12H12D60O3

216.31 g/mol \é 216.31 g/mol
C
' Da > \f
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The reaction was performed as describe2i 113.2with the use of enol acetate mixturgl/14b
(160mg, 800umol, 1.00eq) in dry chloroform Q.70mL) and m-chloroperoxybenzoic acid
(2x 103mg, 599umol, 075 eq.).After purificationvia column chromatography-&etoxy -
thujore 15b (121 mg, 559 umol, 56% over two stepsand 4acetoxy -thujore 16b (28.1mg,

130umol, 13% over two stepavereobtained as oils.

2-acetoxy-» -thujone 15b:

'H NMR (500 MHz, CDC}): 0 [ 29 (8]1H,#R), 2.34 (qJ = 7.5 Hz, 1H, H4), 2.13
(s, 3H, H11),1.39 (br. s, 1H, H’) 1.25 (dd,J = 10.7, 7.6Hz, 1H, H-5) 1.21 (dJ = 7.5Hz, 3H,
H-9), 0.79 (dddJ = 8.0, 6.2, 2.0 Hz, 1HH-6), 0.52 (ddJ=6.2, 4.1 Hz, 1HH-6 )0

Degree of deutation >95%

13C NMR (75 MHz,CDClL): U [ 218.1¢=0,=G3), 170.7 (C=0, C10), 76.0 (CHC-
2), 45.0(CH, G-4), 31.7 (CH, €7), 31.4 (C, Gl), 24.2 (CH, C-9), 21.1 (CH, C-11), 18.1 (CH
C-5), 15.6(CH, C-6).

HRMS (El, 70eV): calc. for GoHoDeO2" [(MT C2H30)']: 173.1443found:173.1457

IR (ATR):’ [cm™}] = 2966(m, -CHs), 2930(m, -CHs), 2874(m, -CHs), 2215(m, -CDs), 2133
(w, -CDs), 2072 (w, -CD3), 1760 (s, -C=0), 1739 (s, -C=0), 1455 (m, -CHy), 1370
(s,-CO-0-C), 1227(s,-CO-0-C), 1057(s), 1036(m), 939(m), 887 (w).

TLC: Rs= 0.29(pentane/diethyl ethet0:1, [KMNnO4])

4-acetoxy-» -thujone 16b:

'H NMR (500 MHz,CDClk): U [ p R.60(dd3= 18.8, 2.7 Hz, 1HH-2), 2.25 (dJ=19.0
Hz, 1H H-2 ¥ 2.06 (s, 3HH-11), 2.02 (ddJ = 8.2, 4.0 Hz, 1HH-5), 1.58 (s, 3HH-9), 1.37
(s, 1H H-7), 0.76 (tJ = 6.0 Hz, 1H H-6), 0.49 (ddJ = 5.9, 4.3 Hz, 1HH-6 )

Degree of deutation >95%

13C NMR (75 MHz,CDClL): U0 [ 21p.40¢3=0,<G3), 170.4(C=0, G10), 86.7(C, G4),
38.1(CH., C-2), 32.2(CH, G7), 29.0(CH, G5), 28.7(C, G1), 22.4(CHs, C-9), 21.8(CHs,
C-11), 16.3(CHy, C-6).

HRMS (El, 70eV): calc. forCioHoDeO2" [(MT C2H30)']: 173.1443found: 173.1445

IR (ATR):’ [cm}] = 2975 (w,-CHg), 2931 (w,-CHy), 2875 (w,-CHzs), 2213 (n, -CDs), 2128
(w, -CDs), 2071 (v, -CD3), 1760 6, -C=0), 1736 6, -C=0), 1454 (n, -CDs3), 1368
(s,-CO-0-C), 1244 6,-CO-0-C), 1080 (s), 1048 (s), 1020 (s), 956 (W), 734 (w).

TLC: Rs= 0.16(pentane/diethyl ethet0:1, [KMNnO4])
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2.13.5 Synthesis of(R)-2-hydroxythujone 4a

(e
HO . C10H1602
8> ; ol 168.23 g/mol
6 /H
4a

To a solution of Zacetoxy -thujore 15a(49.0mg, 233umol, 1.00eq) in methanol 8.5mL)
was added 5Oy (3M, 777uL) at room temperature and stirrbad 3 d. Then the reaction
mixture was diluted with water anextracted with diethyl ethgBx). The combined organic
layers wereextracted with water until the aqueous phase was@iraland dried over
anhydrous MgS@ The crude product was purifiedria column chromatography
(pentane/diethyl ethef0:1° 10:1) to obtain (RR-hydroxythujore 4a (26.9mg, 160umol,
69% yield as colourless oil.

'H NMR (500 MHz,CDCls) : U [4.p3gbm}, 14 H2), 2.36 (qJ = 7.5Hz, 1H, H4),
1.49 (hept,) = 6.8 Hz, 1H, H7), 1.20 (dJ = 7.5 Hz, #, H-9), 1.25- 1.14 (m, 1H, H5), 1,10
(d,J=5.3 Hz, 3H, H8), 1.08 (I, J= 5.4 Hz, #, H-8), 0.71 (ddd, )= 7.8, 6.3, 2.1 Hz, 1HH-
6), 0.32 (ddJ=6.2,4.1 Hz, 1HH-6

13C NMR (75 MHz,CDCk): 0 [ 21p.2n([C=05@3), 74.9 (CH C-2), 44.7 (CH, &4),
33.4 (C, G1), 32.5 (CH, €7), 23.4(CH, G5), 20.4(CHs, C-8), 19.9(CHs, C-8 § 18.2(CHs,
C-9), 14.6(CH, C-6).

The spectroscopic data matched those reported in liteFlture.

HRMS (El, 70eV): calc. for GoHsO2" [M*]: 168.1145found:168.1145

IR (ATR):’ [cm™] = 3457 (br.-OH), 3062 (wcyclopropang 2961 (s;CHs), 2932 (m-CHy),
2873 (m,-CHs), 1751 §,-C=0), 1456 (m;CH.), 1367(w), 1097 (m), 1006 (m), 808 (w).
TLC: Rr=0.22(pentane/diethyl ethes,;2, [KMnO4])

Optical rotation: | =-0.269 (c=1.17,CHCl3, >9%% ee.

2.13.6 Synthesis ofds-(R)-2-hydroxythujone (4b)

)

HO
D.C 2 .0 C10H10D60O2
8 >,,,1. 174.27 g/mol
DsC “H

6

4b
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The reaction was performed as describe@.iB.5with the use of zcetoxy -thujore 15b
(32.0mg, 148umol, 1.00eq) in methanol (2nL) andH>SQ4 (3 M, 493 L). After purification
via column chromatography a colourless oil 4§ (10.6mg, 61.0 umol, 41% yield) was
obtained.

IH NMR (500 MHz,CDClL): U [ 46@2(n)= 16 Hz, 1H, H2), 2.36 (qtJ= 7.5, 1.4 Hz,
1H, H4), 1.48 (. s, 1H, H7), 1.20 (ddJ = 6.7, 1.9 Hz, 3HH-9), 1.19- 1.17 (m, 1H H-5),
0.71 (dddJ=7.9, 6.3, 1.9 Hz, 1HH-6), 0.35- 0.28 (m, 1HH-6

Degree of deutation >95%

13C NMR (126 MHz, CDClL): U [ 219.263=0,=G3), 75.0 (CH C-2), 44.7 (CH, &4),
32.0 (C, G1), 31.9 (CH, &7), 23.4(CH, G5), 18.1 (CH, C-9), 14.5 (CH, C-6).

HRMS (El, 70eV): calc. for GoH10DsO2" [M*]: 174.1521 found:174.1518

IR (ATR):’ [cm™] = 3464(br, -OH), 3059 (wcyclopropang 2965 (m;CHsg), 2929(m, -CHy),
2872 (s,-CHs), 2214 (s-CD3), 2129 (w,-CDs), 2072 (w,-CDs), 1750 6, -C=0), 1456 (m;
CHy), 1372 (w), 1277 (w), 1091 (m), 990 (w).

TLC: Rr=0.22(pentane/diethyl etheb,;2, [KMnO4])

2.13.7 Synthesis of» -4-hydroxythujone (5a)

(@]
2 C10H1602
o o[ O 16823 gimol
. H

S5a

To a solution of 4acetoxy| -thujore 16a(15.0mg, 71.0 umol, 1.00eq) in methanol 4 mL)
was added sodium methoxide§3mg, 36.0 umol, 0.5eq) at room temperaturéifter 14h

the same amount of sodium methoxide was addédstirredutherfor 10 h. Then the reaction
mixture was diluted wit water (5mL) and extracted with diethyl ether BriL). The
combined organitayers werextracted with water and brine and dried over anhydrous MgSO
The crude product was purifieth column chromatographpentane/diethyl ethe?0:1° 10:1)

to oltain| -4-Hydroxythujone 5a(7.07 mg,42.0 umol, 59% yield as colourless oil.

IH NMR (500 MHz,CDCl): & £ 268 (ddiJ= 18.1, 2.5 Hz, 1HH-2), 2.22 (d,J = 18.1
Hz, 1H H-2 % 1.47 (dd,) = 8.0, 3.9 Hz, 1HH-5), 1.42 (p,J = 6.8 Hz, 1H H-7), 1.37(s, 3H
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H-9), 1.03 (dJ = 6.8 Hz, 3H H-8), 0.96 (dJ = 6.9 Hz, 3H H-8 ) 0.74 (s, 1HH-6), 0.34 (dd,
J=6.2,4.0 Hz, 1HH-6

13C NMR (75 MHz,CDClL): U [ p RXA]7(C=0, C-3), 79.8 (GOH, G4),38.1(CHy, C-2),
30.5 (C, G1), 322 (CH, G7), 29.1(CH, G5), 26.0(CHs, C-9), 19.7 (CHs, C-8), 19.6 (CHs,
C-8 §15.6(CHa, C-6).

The spectroscopic data matched those reported in litefture.

HRMS (El, 70eV): calc. forC1oH1401" [(M1 H20)']: 150.1039 found 150.1033

IR (ATR):’ [cm™}] = 3442(br, -OH), 3059 (wcyclopropang 2958 (s;CHs), 2928 (s;CHy),
2872 (m,-CHs), 1751 6,-C=0), 1457 (m;CHy), 1365 (m), 1184 (m), 1075 (m), 948 (w).
TLC: Ri=0.15(pentane/diethyl etheb;2, [KMnO4])

Optical rotation: | =-0.421 (c=0.45,CHCl3, >9%% ee.

2.13.8 Synthesis ofde-» -4-hydroxythujone (5b)

0

D.C 2 . .OH CioH10DsO2
SR} ~.,, ~ 174.27 g/mol
s 2L

D3C H

6

5b

The reaction was performed as described.iiB.7with the use of 4cetoxy -thujore 16b
(17.2mg,79.5pumol, 1.00eq) in methanol (4nL) and two times sodium methoxid&15mg,
39.8umol, 0.9 eq.) After purification via column chromatography a colourless oil 5§
(7.6mg,43.6umol, 55% yield) was obtained.

IH NMR (500 MHz,CDChL): i [ p R.67](dd3=18.1, 2.6 Hz, 1HH-2), 2.22 (dJ=18.1
Hz, 1H H-2 % 1.46 (ddJ = 8.0, 4.0 Hz, 1HH-5), 1.37 (s, B, H-9), 1.25 (s, 1HH-7), 0.74
(ddd,J=8.2, 6.1, 2.5 Hz, 1HH-6), 0.33 (ddJ = 6.1, 3.9 Hz, 1HH-6 )

Degree of deutation >95%

I3C NMR (126MHz,CDCl): U [ 4D 7T=0, £3),79.9 (GOH, C-4),38.1(CHy, C-2),
32.2 (CH, G7),30.4(C, G-1), 29.0(CH, G5), 26.0(CHs, C-9), 156 (CHz, C-6).

IR (ATR):’ [cm™] = 3457 (br -OH), 3059 (wcyclopropang 2967 (m-CHs), 2925 (s;CHy),
2211 (s-CDs), 2133 (W,-CDs), 2070 (w,-CDs), 1751(s, -C=0), 1455 (m;CHy), 1361 (m),
1175 (m), 1079 (MP73(w).

TLC: Rr= 0.15(pentane/diethyl etheb,;2, [KMnO4])
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Parameter Value
1 Solvent CDCI3
2 Temperature 300.0
3 Experiment 1D
4 Number of Scans 16
5 Spectrometer Frequency 500.13
6 Nucleus 1H

*residual nondeuterated methyl groups
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