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Supporting Information

Materials. Commercial reagents were purchased from SigmaicNdiFluka, Acros, Lancaster or
NovaBioChem, and used as received. Solvents wet#leti and dried prior to use following standard
procedure$! Air- and/or moisture-sensitive reactions were iearout in ambraunUnilab glove box
under argon atmosphere or in the fume hood usifideBk technique. Chromatographic separations
were performed using silica gel 60 (230-400 mesyimfMN GmbH & Co.

I nstrumentation. Nuclear magnetic resonancé(and**C) spectra were recorded on a Bruker AC250
(250 MHz), Bruker AC300 (300 MHz) or Bruker DPX3@00 MHz) NMR spectrometer. FT-IR
spectra were recorded on a Perkin-Elmer Parago. IBLC analyses were performed using Agilent
1100 Series or Merck Hitachi LaChrom HPLC instrum&C analyses were performed using HP 6890
Series or HP 6890N instrument and &6 carrier gas. HRMS analyses were performed Bimragan
MAT 900S spectrometer.

(I Catalysis experiments

General procedure for catalysis experiments

DABCO (5.61 mg, 50.0 umol) and catalyst (35.6 mg, 50.0 pmol) were dissolved in 2-cyclohegen
one @) (96.5 pL, 96.1 mg, 1.00 mmol), and tridecane Z38., 11.5 mg, 62.5 umol) was added as
internal standard. The mixture was cooled to 10%@ a coolable shaker plate and
cyclohexanecarbaldehyd@)((30.1 pL, 28.0 mg, 250 umol) was added. The méxtwas shaken for
72 h at 10 °C and 400 rpm. Aliquots of 10.0 pL wealeen at intervals and analyzed by GC on chiral
stationary phase. In case of HPLC analysis, thetimmawas stopped after 72 h and the product iedlat

by column chromatography-hexane : ethyl acetate 3 : 1).



2-(Cyclohexyl-hydroxy-methyl)-cyclohex-2-en-1-oriEaple 4, entry 1)

OH O

Sae

The racemic product was obtained following a litera procedur& GC (Varian CP-Chirasil-Dex,
160 °C (33 min)):tg = 2.16 min (tridecane), 23.28 minS[{product, minor), 25.04 min R-product,
major). Absolute configuration was assigned by cangon of the retention times with those reported
by Nagasawzet al*®!

2-(Hydroxy-phenyl-methyl)-cyclohex-2-en-1-one (Tall, entry 2)

OH O

The racemic product was prepared following a litena procedur&’ GC (Varian CP-Chirasil-Dex,
160 °C (40 min)):tgr = 2.16 min (tridecane), 30.13 minS[{product, minor), 31.96 min R-product,
major). Absolute configuration was assigned by cangon of the retention times with those reported
by Nagasawzet al*®!

2-[Hydroxy-(4-nitro-phenyl)-methyl)]-cyclohex-2-eh-one (Table 4, entry 3)

OH O

The racemic product was prepared following a lttex@proceduré! HPLC Merck (R R)-Whelk O1,n-

O2N

hexane/2-propanol 9 : 1, flow: 1.00 ml/min, 50 mity = 27.66 min (§-product, minor), 37.15 min
((R)-product, major). Absolute configuration was assig) by comparison of the retention times with
those reported bgchauset al®



2-[Hydroxy-(4-methoxy-phenyl)-methyl]-cyclohex-2-drone (Table 4, entry 4)

OH O

The general procedure for the catalysis experimeats followed and the product isolated by column

MeO

chromatography. The product was obtained as ayhigktous yellow liquid in 79 % yield (46 mg,
198 umol). Analytical data were in agreement wit literaturd® HPLC Merck (RR)-Whelk O1,n-
hexane/2-propanol 9:1, flow: 1.00 ml/min, 50 mimk =29.41 min (minor), 33.12 min (major).

Absolute configuration was not assigned.

2-(1-Hydroxy-2-methyl-propyl)-cyclohex-2-en-1-onkaple 4, entry 5)

OH O

O

The racemic product was prepared following a It proceduré&! GC (varian CP-Chirasil-Dex,
130 °C (22 min)):tgr = 4.91 min (tridecane), 17.95 minS[{product, minor), 19.52 min R}j-product,
major). Absolute configuration was assigned by cangon of the retention times with those reported

by Nagasawaet al*®!

2-(1-Hydroxy-3-phenyl-propyl)-cyclohex-2-en-1-orable 4, entry 6)

OH O
Ph/\/k@

The general procedure for the catalysis experimemats followed and the product isolated by column
chromatography. The product was obtained as ayhigktous yellow liquid in 52 % yield (30 mg,
130 pumol). Analytical data were in agreement wiié literaturd”? HPLC Oaicel CHIRALCEL, OD-H,
n-hexane/2-propanol 9 : 1, flow: 0.50 ml/min, 35 itk = 18.76 min (§-product, minor), 37.15 min
((R)-product, major). Absolute configuration was assig) by comparison of the retention times with

those reported bgchauset al®



2-(Hydroxy-phenyl-methyl)-cyclopent-2-en-1-one (1@, entry 7)

The racemic product was prepared following a litea procedur&! GC (varian CP-Chirasil-Dex,
160 °C (29 min)):1g = 2.17 min (tridecane), 23.33 min, 25.20 mitbsolute configuration was not

assigned.

2-(Cyclohexyl-hydroxy-methyl)-cyclopent-2-en-1-ofi@ble 4, entry 8)

OH O

0

To a mixture of cyclohexanecarbaldehyde (60.2 (10 pmol, 1.00 eq), imidazole (34.0 mg, 500 umol,
1.00 eq) in aqueous NaHG®olution (1M, 2.00 mL) and THF (500 pL) was ad@ecyclopenten-1-one
(62.9 pL, 750 pmol, 1.50 eq), and the solution stased for 60 h at rt. HCI (1M, 3.00 mL) was added
and the aqueous phase extracted with ethyl acEat&.00 mL). The organic phase was dried over
MgSQ,, filtered and the solvent was evaporated undeuaed pressure. The racemic product was
obtained as a highly viscous yellow liquid in 41y%ld (40.0 mg, 206 umol). Analytical data were in
agreement with the literatuf®. GC (varian CP-Chirasil-Dex, 160 °C (22 min))tg = 2.17 min

(tridecane), 17.53 min (minor), 18.59 min (majétpsolute configuration was not assigned.

2-(Hydroxy-phenyl-methyl)-acrylic acid methyl es{@able 4, entry 9)

OH O

©/‘\H)‘\0Me

The racemic product was prepared following a litea procedur& GC (Varian CP-Chirasil-Dex,
135 °C (385 min)):tr = 4.14 min (tridecane), 28.15 min, 29.50 min. Abt® configuration was not

assigned.



2-(Cyclohexyl-hydroxy-methyl)-acrylic acid methydter (Table 4, entry 10)

OH O

O/'\H)J\OMe

The racemic product was prepared following a litena procedur€’ GC (Varian CP-Chirasil-Dex,
130 °C (35 min)): tTr=4.91 min (tridecane), 25.97 min (minor), 26.8® mmajor). Absolute

configuration was not assigned.

(I1) Preparation of the bis-(thio)urea catalysts 1a, 1c, leand 1f.

Preparation of N-PhenylN'-[(1R,39-3-[[[(phenylamino)oxomethyllamino]methyl]-3,5,8#hethyl-

cyclohexyllurea 1a)

HN)CLH/©

NH, Nse.
“o
T, HC 1 CH
HaC 1:CHg 3 3
HaC

NH
H3C NH, ):
HN °

(1R,39)-3-(Aminomethyl)-3,5,5-trimethyl-cyclohexylamin8g0 uL, 4.65 mmol, 1.00 eq) was dissolved
in dry DCM (8.00 mL), and phenylisocyanate (1.02,8L.34 mmol, 2.01 eq) was added. A colorless
precipitate formed immediately which was filterd#l & was recrystallized from CH@MeOH to yield
the desired bis-urea quantitatively (1.90 g, 4.68af) as colorless crystals suitable for x-ray
crystallography[a]2%,= —38.5° ¢ = 1.09, MeOH). mp 190-193°GH-NMR (300 MHz, DMSO-¢): &=
0.82-1.11 (m; 12H), 1.12-1.25 (m; 1H), 1.52-1.7Q @H), 2.87 (dg;) = 11.7 Hz, 5.85 Hz, 6.43 H, 2H),
3.71-3.89 (m; 1H), 5.96 (d} = 7.60 Hz, 1H), 6.21 (1 = 5.85 Hz, 1H), 6.82-6.92 (m; 2H), 7.13-7.26
(m; 4H), 7.32-7.42 (m; 4H), 8.25 (s; 1H), 8.37 18f). *C-NMR (75 MHz, DMSO-g): &= 23.2, 27.5,
31.5, 34.9, 36.0, 41.8, 42.3, 46.1, 46.8, 52.7,,.31¥17.4, 120.8, 128.5, 128.6, 140.4, 140.5, 154.4
155.3.FT-IR (Csl): 7 [cm™] = 3334 (m(br)), 2959 (w), 1646, 1603, 1560 (3ll K500, 1444, 1314,
1237 (all m), 758, 692 (both w). HRMS (ESI): Caléat. [C24H3,N4O-Na] ([M+Na]"): 431.242, Found:
431.242 £ 0.002 u). Anal. Calcd. for £H3z,N4O,: C 70.56, H 7.90, N 13.71 Found: C 70.54, H 8N4,
13.71.



Preparation of N-PhenyIN'-[(1R,39-3-[[[(phenylamino)thioxomethyl]Jamino]methyl]-3 B-trimethyl-

cyclohexyl]thiourea1c)

NS

NH, ©/N\c\ H
HaC 1 CH
HaC \:CHg 8 3
CM HsC NH

H3C NH,

(1R,39)-3-(Aminomethyl)-3,5,5-trimethyl-cyclohexylamin2q0 pL, 1.08 mmol, 1.00 eq) was dissolved
in dry DCM (10.0 mL), and phenylisothiocyanate (262 2.21 mmol, 2.05 eq) was slowly added. The
mixture was stirred for two hours at rt, the solveemoved under reduced pressure, and the resulting
solid recrystallized from acetone. The desired thisurea was obtained quantitatively (476 mg,
1.08 mmol) as colorless crystals suitable for x<r|a,)5sstallography[a]589 -33.2° ¢ =0.69, MeOH). mp
181-183°C.*H-NMR (300 MHz, CDC}): 5= 0.78-1.13 (m; 12H), 1.14-1.24 (m; 1H), 1.77-2(@1;
2H), 3.45 (dgy) = 5.55 Hz, 13.3 Hz, 29.4 Hz, 2H), 4.44-4.64 (m)15{70 (d;J = 7.97 Hz, 1H), 6.04 (t;

J = 5.55 Hz, 1H), 7.02-7.48 (m; 10H), 7.91 (s; 18191 (s; 1H)*C-NMR (75 MHz, CDC}): 5 = 23.5,
27.7, 32.1, 35.0, 36.8, 41.2, 45.3, 47.8, 49.11,5925.0, 125.4, 127.2, 127.5, 130.3, 130.4, 135.9,
136.0, 179.4, 181.2. FT-IR (ATR, film)7 [cmY] = 3242 (m(br)), 2951, 2951 (both m), 2088 (w(br))
1705 (w), 1593 (m), 1528, 1490 (both s), 1446 (b3K0, 1312, 1238, 1177 (all s), 907 (m), 729, 693
(both s).HRMS (ESI): Calcd. for [gH32N4S;Na] ([M+Na]): 463.197, Found: 463.19% (0.002 u).
Anal. Calcd. for GsH3oN4sS,: C 65.41, H 7.32, N 12.71 Found: C 65.06, H 7TM22.57.

Preparation of N-CyclohexylN'-[(1R,39-3-[[[(cyclohexylamino)thioxomethyl]amino]methyB;5,5-

trimethylcyclohexyl]thiourealle)

HN)SkN/O

NH, Nae H
O
> ., HgC \-CH
HsC 1-CHs 3 8
é H3C NH

)=s
HN

O



(1R,39)-3-(Aminomethyl)-3,5,5-trimethyl-cyclohexylamine 1.00 mL, 5.40 mmol, 1.00eq) was
dissolved in dry THF (1.00 mL), and cyclohexylisottyanate (1.55 mL, 11.3 mmol, 2.10 eq) was
slowly added under argon atmosphere whereuponlewyelel formed immediately. The solvent was
removed under reduced pressure, and the resultohg gurified by column chromatography
(CHCIs/MeOH 100 : 5). The desired bis-thiourea was oletéim 65 % yield (1.60 g, 3.53 mmol) as a
pale yellow solid. mp 139-141°GH-NMR (300 MHz, CDC4): 3= 0.85-1.48 (m; 25H), 1.55-1.83 (m;
5H), 1.83-2.12 (m; 5H), 3.25 (s; 2H), 3.75-4.08 (@h]), 4.38-4.64 (m; 1H), 5.76-6.37 (m; 4HjC-
NMR (75 MHz, CDC}): 6= 24.2, 24.7, 24.8, 25.4, 27.8, 32.1, 32.9, 33302,335.0, 36.5, 41.3, 45.7,
47.5, 48.0, 52.6, 57.7, 179.5. FT-IR (ATR, film): [cm™] = 3253 (w(br)), 2927 (m), 2851 (w), 2099
(w(br)), 1536 (s), 1448, 1359, 1255 (all m), 10823, 889 (all w), 733 (s), 700 (m). HRMS (ESI):
Calcd. for [G4HaaNsSNa] ((M+Na]"): 475.291, Found: 475.29% 0.002 u).

Preparation oN-Tricyclo[3.3.1.£1dec-1-yIN"-[[(1S,5R)-1,3,3-trimethyl-5-[[[(tricyclo[3.3.1.31dec-1-

v)amino]thioxomethyllJamino]cyclohexyllmethyl]thioaa (f)

X
C=
HC NH, DCM HeC
—s

(1R,39)-3-(Aminomethyl)-3,5,5-trimethyl-cyclohexylamind @0 pL, 540 pmol, 1.00 eq) was dissolved
in dry DCM (1.00 mL), and 1-adamantylisothiocyang&@9 mg, 1.08 mmol, 2.00 eq) was slowly added
under argon atmosphere. The mixture was stirredworhours at rt, then the solvent removed under
reduced pressure and the resulting solid purifipccddumn chromatography (CHZMeOH 100 : 5).
The desired bis-thiourea was obtained quantitati(@7 mg, 540 umol) as a colorless solid. mp 180-
182°C."H-NMR (300 MHz, CDC4): 8= 0.92-1.33 (m; 12H), 1.58-1.79 (m; 12H), 1.92-2(6V 13H),
2.07-2.19 (m; 6H), 3.40 (s; 2H), 4.41-4.62 (m; 1647 (d(br); 1H), 5.70-5.94 (m; 3HYC-NMR (75
MHz, CDCk): 6 = 23.9, 27.8, 29.4, 32.1, 35.0, 36.1, 36.5, 41285445.8, 47.9, 49.1, 54.0, 179.9. FT-
IR (ATR, film): U [cm™] = 3267 (w(br)), 2907 (s), 2847 (m), 2208 (w(bAH29 (s), 1452 (m), 1355,
1340, 1300, 1234 (all s), 1101, 1075 (both m), @¥), 906, 727 (both s), 693, 643 (both m). HRMS
(ESI): Calcd. for [GoHsaN4S,] ([M+H] ): 557.371, Found: 557.37% 0.002 u).



X-ray crystallographic data for 1a and 1c

la 1c
formula Q4H32N402 C24H32N452
M, 408.54 440.66
crystal dimensions [mm] 0.3x0.2x0.2 0.3x0.1x0.0
crystal system monoclinic orthorhombic¢
space group RZno. 4) PZ22,2; (no. 19)
a[A] 9.244 (7) 7.5688 (3)
b [A] 9.5634 (10) 9.5287 (4)
c[A] 13.502 (2) 33.9726 (14)
a[°] 90 90
B [°] 106.642 (6) 90
v [°] 90 90
V [A3] 1143.6 (2) 2450.1 (2)
Pcalcd [g'Cm—g] 1.186 1.195
z 4 4
radiation MoK, Mo-K,,
scan mode olo olo
2 Omax [°] 54 54
unique reflections 2565 5183
observed reflections 1812 3529
R1 0.0803 0.040
WR2 0.1063 0.071
pin(max) [eA™] 0.242 0.248
CCDC depository no. 605967 605968
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