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Seven syntheses to racemic or enantiopure trans-2-methylcyclohexan-1-amine (1) and salts
thereof are described in the literature and discussed in the following section. Hydrogenation of 2-
acetotoluidine with colloidal platinum in neutral aquous solution (3 atm. of hydrogen) followed
by acidic hydrolysis yielded in 75-90% 1 (Scheme S1a).' Hydroboration of 1-methyl-
cyclohexene (4) with NaBH, and BFs-etherate in diglyme followed by amination with
hydroxylamine-O-sulfonic acid (HOSA) resulted in 45% of pure racemic 1;? an improvement in
yield (81%) was obtained by the same authors using LiBH,Me,/TMSCI followed by HOSA and
precipitation of the product 1 as its HCI salt (Scheme S1b).? Resolution of the N-
benzoylcarboxylic acid 9 derived from anthranilic acid 3 via diastereomeric salt formation using
(-)-ephedrine resulted in (+)-10 in 11-16% yield. 5 more steps were necessary to deprotect the
amine and convert the carboxylic acid into a methyl group (Scheme Sic).* The assignment of the
absolute stereochemistry was tentatively and based on the algebraic sign of the optical rotation in
Et,O compared to an optical rotation measured earlier in EtOH.” The first enantioselective
synthesis was accomplished two decades later again by Brown et al. Hydroboration of 4 with
monoisopinocamphenylborane (IpcBH,) resulted in enantiopure dialkylborane 11. Several
additional transformations were necessary because only the borinic ester 12 reacted with HOSA
in the known manner to form (1S,25)-1 in 48% overall yield with an ee of >99% (Scheme S1d).®
” Another method applying enantioselective transfer hydrogenation of 2-methylcyclohexanone
(6) using Noyori’s ruthenium catalyst was described (Scheme S1e). The alcohol 13 was obtained
as a 40:1 cis/trans mixture with an ee of 70%. The hydroxy group was replaced by an azide
under inversion of the stereocenter in a Mitsunobu reaction followed by Staudinger reaction. The
ee was increased to 92% by crystallization with (+)-tartaric acid from methanol, the overall yield

was 5.6%; one factor that led to this low yield was attributed to the volatility of the free amine



and the lack of a chromophore that made isolation difficult.® The enantioselective hydrogen
transfer reductive amination of 6 is another option to directly obtain 1 in a single step.” However,
a 1:2 cis/trans mixture was obtained with a ee of the trans isomer of 64%. The next synthesis
started with the aziridination of cyclohexene (5) with iodine and chloramine T followed by the
stereoselective ring opening using Cu(ll) and MeL.i to yield the racemic trans-N-tosyl-2-
methylcyclohexan-1-amine (8). The resolution into the enantiomers was accomplished by
chromatography using supercritical carbon dioxide (SFC) on a chiral stationary phase (Chiralpak
AD). Deprotection of the tosyl group with sodium in liquid ammonia and re-protection allowed
the isolation of trans-N-boc-2-methylcyclohexan-1-amine (14). The HCI salt of (1R,2R)-1 was
obtained by filtration after deprotection from HCI/Et,0 solution in 6.5% overall yield (Scheme
S1f).* The most recent advance is the succesfull application of various transaminases for the
synthesis of 1 with excellent ee >99% (Scheme S1g). All four isomers were obtained, however,

cis- and trans-isomers always as mixtures.'

Scheme S1. Literature procedures for the synthesis of racemic or enantiopure trans-2-methyl-1-

cyclohexanamine.
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. conversions: 58 to 91% (AR,2S).1 (1S,2R)-1 (1S5,25).1 (1R,2R)-1
product distribution with different transaminases
CV-TAm 0 88 0 12
Pp-TAm O 43 0 7
ArRMutll 36 0 64 0

HOSA: hydroxylamine-O-sulfonic acid; DEAD: diethyl azodicarboxylate; DPPA: diphenylphosphoryl azide;
SFC: supercritical fluid chromatography; PLP: pyridoxalphosphate
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Al4
c2
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c13
D2
D5
D13
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G6
Gl4
H3
H4
H6
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K10
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L2
NS
N14
P11
Q9
R14
s7
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T2
T3
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T14

GC peak area of (S)-mosheramides (pA*s)
43.99 min 44.15 min 44.70 min 45.03 min yield (%)

cis-1

216.5
442.7
549.2
330.8
430.8
37.1
62.6
101.0
56.5
36.0
11.2
50.0
274.8
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589.4
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317.2
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658.9
337.6
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14.2
284.4

cis-2

227.4
493.6
595.5
371.4
448.9
38.7
63.3
101.7
57.2
37.0
11.9
49.3
710.9
533.2
722.6
734.1
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527.4
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378.6
243.4
145.9
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35:
31:
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29 :
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7
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79
79
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79
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80
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65
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75
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ee (cis)

ee (trans)

0.04
0.03
0.07
0.00
0.02
0.03
0.02
0.01
0.10
0.07
0.02
0.04
0.04
0.02
0.05
0.01
0.02
0.07
0.15
0.08
0.19
0.00
0.01
0.01
0.02
0.14
0.32
0.01
0.07
0.03
0.15
0.24
0.40
0.20
0.08
0.09
0.03
0.08
0.09
0.22
0.13
0.19
0.19
0.26



Jata File C:\CHEM32\1\DATA\KESSLER-NOCITO\SN1.D
sample Name: NOCITSA9-005-EXP088-02

Acqg. Operator : SYSTEM
Location : Vial 1
Injection Date : 07-Jan-16 11:19:29 AM
Acg. Method : POS1+POLARIMETRE LC.M
Analysis Method : C:\CHEM32\1\METHODS\POS1+POLARIMETRE LC.M
Last changed : 07-Jan-16 11:55:20 AM by SYSTEM
Method Info : COLUMN: CHIRALPAK AD-H (PB148) 0.46X25cm
ELUENT: HEPTAN-ETOH 70-30 1 ml/Min. Uv-230nm
Sample Info : AUFTRAG NR.2016-0020 REGISTER.507421

Additional Info : Peak(s) manually integrated
[ DAD1 D, Sig=230,4 Ref=off (KESSLER-NOCITO\SN1.D)

Norm. 1 E
| = . . .
' ) HPLC of enantio-enriched compound 8 with
] (15,25)-configuration, 56%ee
300 |
7 w0
200 it
4 ~
100
| 0 __ — = e e N, e e Wl — ”" i
| L T T ‘ T T ‘ T T T i T T | T | o J T
;- 4 6 8 10 12
Area Percent Report
Sorted By E Signal
Multiplier : 1.0000
Dilution : 1.0000
Sample Amount: : 5.00000 [ng/ull (not used in calc.)

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=230,4 Ref=o0ff

Peak RetTime Type Width Area Height Area
# [min] [min] [mMAU*s] [mAU] %
R B | ==m ] mmme |=mmeme e | --mmmmes e |- mms o |
il 7.586 BB 0.2383 2587.43945 173.17091 21.9045
2 10.476 BV 0.2867 9224.90527 501.18768 78.0955
Totals : 1.18123e4 674.35860

ANL1004098 07-Jan-16 11:55:42 AM SYSTEM Page

1 of
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Jata File C:\CHEM32\1\DATA\CARO\HAl4.D

sample Name: NOCITSA9-

Acqg. Operator
Sample Operator
Acg. Instrument :
Injection Date

Method

Last changed
Method Info

Sample Info

Additional Info

006-EXP011-02

SYSTEM
SYSTEM
ANL1004098 Location : Vial 1
12-Feb-16 8:38:38 AM

Inj Volume : 5.000 nl
C:\CHEM32\1\METHODS\POS1+POLARIMETRE LC.M
12-Feb-16 8:36:42 AM by SYSTEM
COLUMN: CHIRALPAK AD-H 0.46X25cm
ELUENT: HEPTAN-ETOH 70-30 1 ml/Min. Uv-230nm

AUFTRAG NR.2016—O&}}REGISTER.507421

Peak(s) manually integrated

DAD1 D, Sig=230,4 Ref=off (CARO\HA14.D)
Norm. | 2 ‘bﬂp
700 ntf‘ <&
: | | a,b‘.
i s
600 [
! ‘I HPLC of compound 8 prepared from the main batch
500 |
] ' (1R.2R) configuration, 98.3%ee
400 ||
i il
1 |
300 ||
] ||
i [ '
200 ‘
4 |
o | ‘
] || ®
100 ! o
i | .I § ‘.@).
| [\ o &
04— = . TSR _\,.'7 P ]
L B T T T T 1 T T ‘ T T ‘ T T ‘ T T ‘ T T ‘r T T ‘ T .
2 4 6 8 10 12 14 16 min
Area Percent Report
Sorted By Signal
Multiplier 1.0000
Dilution 1.0000
Sample Amount: 5.00000 [ng/ull {not used in calc.)

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: DAD1 D, Sig=230,4 Ref=off

Peak RetTime Type
# [min]

Rl EEEEEEE ===
1 7.550 MM
2 10.451 MM

Totals

Width Area Height Area
[min] [mAU*s] [mAU] %

0.2740 1.17065e4 71213617 99.1633
02385 98.77451 4.90716 0.8367

1.18053e4 717.04333

ANLL1004098 12-Feb-16 9:00:05 AM SYSTEM Page 1l of 2


furegma1
Stamp


Data File C\CHEM32\1\DATA\GC 2016\2-METHYLCYCLOHEX YLAMINE.D
Sample Name: 2-Methylcyclohexylamine

Acq. Operator : Se g. Line: 1
Acq. Instrument : Instrument 1 L ocation : Vial 98
Injection Date : 1/14/2016 9:44:32 AM Inj: 1
Inj Volume : 1 pl
Sequence File : C:\CHEM32\1\SEQUENCE\PLA_SEQUENCE .S
Method : CA\CHEM32\1\METHODS\60 MIN.M
Last changed : 1/13/2016 4:08:36 PM
Method Info  : 40°C (0.3 min), 3.5°C/min ->200°C , 40°C/min -> 280°C (3 min)
H2-flow: 2 ml min; front inlet tm p: 220°C; front det tmp: 300°C
Sample Info  : starting material (cis- and trans mixture)
TCI Nr.M0896 (Lot. 6P7TJIKR)
derivatized with mosher’s chlorid e

FID1 A, Front Signal (GC 2016\2-METHYLCYCLOHEXYLAMINE.D)

| GC of the (S)-Mosher amides of compound 1

f (commercial mixture)

| (15.25)
N
| S S
200i ] § Q
1 CIS enantiomers
i N~ <
g —
1007, g 3
00— — : — — — — — :
43.5 43.75 44 44.25 44.5 44.75 45 45.25 min

Area Percent Report

Sorted By :  Retention Time
Multiplier: :1.0000
Dilution: :1.0000

Use Multiplier & Dilution Factor with ISTDs
Signal 1: FID1 A, Front Signal

Peak RetTime Sig Type Area  Height Area

# min]  [pA'S]  [pA] %

e bl | |

1 43.987 1 BV 416.48840 68.46844 14.2076
2 44.140 1 VB 462.63937 76.97234 15.7819
3 44.692 1 BB 1026.54761 161.92764 35.0185
4 45.022 1 BB 1025.76855 176.17604 34.9919

NOONDN

Totals : 2931.44394 483.54446

Instrument 1 1/14/2016 10:35:33 AM Page lof 2
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f1 (ppm)

D — UserlID FUREGMA1 — SamplelD FUREGMA1-008-EXP019-002 — Comment — DMSO,,26.7 C —
NS ANOOULWLTMOHOMOANANNHAH"ATHOOOMAANOLLMOMOWULIETTMOANEHOONNUOUOUNMLMLOADODONNOVOONNTIIONOVUOUNILNLOOONUOUOUINSSMINAN—TODDONNMMOMOAN EH—EHOANDWONN OSSN
COCORATTLTTLELLELTMMMMMOOMANNETTELTLELTOOOOOONOWOOOWOLBETEEIFOANNANNNANNA—AAAAA—AH AT AT OO0 00000000 0NN ®
WOV ONNNNNNNNNNNDNMNDNMNKNMNNMNKNMNKNMNANANANANANAN™S ™™™ ™™™~~~ A A A A A A A A A A" A SN r—S S S rrS A fH A A A A A" " " A A A A OO0 O0ODO0ODODOOO
.......... L e e i B L S R s
Parameter Value
1 Data File Name G:/ AppData/ NOVALIS/ Spectroscopy/ customer/ FUREGMA1/ Open-Access/ FUREGMA1-008-EXP019-002/ Y1705330_10_.dx
2 Title UserID FUREGMA1
SampleID FUREGMA1-008-EXP019-002
Comment
DMSO,,26.7 C
3 Origin Bruker BioSpin GmbH
4 Owner auto NH>
5 Instrument spect ﬁ
6 Author
7 Solvent DMSO as (S)-{+)-1.1"-binaphtyl-2,2"-phosphoric acid salt
8 Temperature 300.1
9 Pulse Sequence zg30
10 Experiment 1D
N Fr’nb e . B(s)| |D(ddd) G (da) ||3 (m)
urmoer of Scans 7.88 7.31 1.57 || 1.13
12 Receiver Gain 16.0
13 Relaxation Delay 2.0000 dd) m) F (dt) I(m)
14 Pulse Width 10.5000 05 7144 1.83 1.26
15 Acquisition Time 2.7263
16 Acquisition Date 2017-05-11T11:48:31 E|(d) H (m) | K (ddqd)
17 Modification Date 2017-05-11T11:48:28 722 1.48 | 1.00
18 Spectrometer Frequency 600.14
19 Spectral Width 12019.0 (
20 Lowest Frequency -608.4 ( i
21 Nucleus iH
22 Acquired Size 32768
23 Spectral Size 65536
[
i T T
L N N LN S O COTMMN O LN
O N O O o OO0 O0OOON
M M o — THANAN-HO
T T T T T T T T T T T T T T T T T T T T T
10.5 10.0 9.0 8.5 8.0 7.5 7.0 6.0 5.5 5.0 4.5 4.0 2.0 1.5 1.0

"H NMR (600 MHz, DMSO-d¢) § 8.05 (dd, J = 18.5, 8.5 Hz, 4H), 7.88 (s, 3H), 7.51 — 7.39 (m, 4H), 7.31 (ddd, J = 8.1, 6.6, 1.3 Hz, 2H), 7.22 (d, J = 8.5 Hz, 2H), 2.45 (td, J = 10.8, 3.8 Hz, 1H), 1.83 (dt, J =
133,3.4 Hz, 1H), 1.57 (dq, J = 12.7,2.9 Hz, 1H), 1.52 — 1.43 (m, 2H), 1.32 — 1.22 (m, 1H), 1.21 — 1.05 (m, 2H), 1.00 (dddd, J = 15.6, 12.3, 8.2, 3.6 Hz, 1H), 0.86 — 0.82 (m, 1H), 0.84 (d, J = 6.5 Hz, 3H).
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