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1. Introduction Inspired by the preliminary investigations  with
. . . amidomagnesium alkoxides, we became intrigued by

Over recent years chiral magnesium amide comple®®® h ,ingaicohols which, when derivatised to the magmesiu
been shown to be highly selective reagents for Hyenenetric  complex, would generate a conformationally rigid afletycle
deprotor_lat|on_of prochlral keton&3.In particular, homoleptic that may deliver modified selectivity profiles aqbtentially
magnesium bisamides have demonstrated very godisl@l  gnapje effective asymmetric induction at more asibés reaction
asymmetric  efficiency’ %" Additionally, the divalency of temperatures. Towards this end, we envisaged ugjlsiseries of
magnesium enables the exploration of heteroleppimpdexes  chiral aminonaphthols that could be expediently ppred
within enantioselective enolisation procesSel this regard,  fo|i0wing the diastereoselective Mannich processesittd by
some initial investigations have been conducted with classes  he groups of Cimarelli and GoAgNe anticipated that exposure

of chiral heteroleptic base. Alkylmagnesium amitlemmprising to n-Bu,Mg® would result in the formation of a 6-membered
a chiral amide and achiral alkyl ligand, demonstlathat good

levels of asymmetric induction may be obtained wh#eg only /'\"'\e Phe Me
half the quantity of parent amine relative to thequired by the PR~ >N Ph Y
homochiral bisamide system. Additionally, it was whahat the Mg RGN mg
key deprotonation event was mediated by the amidenan by ‘B Q B o
the alkyl ligand" In the second heteroleptic base approach, chiral u\©/ L — OO
amidomagnesium  phenolate  compleXes,revealed that 1 2
replacement of the achiral spectator ligand canegga an Amidomagnesium phenolates 6-Membered chelate
unusual reactivity/selectivity profile: in this @asboth a reversal — Unique reactivity profile — More rigid structure
in the sense of enantioselectivity was observed famther, the — Enantioselective at 40 °C — Enhanced selectivity?

maximum levels of asymmetric induction were achieaédhe  Fig. 1. Structural development of amidomagnesium pheeslat
unusually high reaction temperature of°@D(Figure 1)
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2 Tetrahedron
amidomagnesium naphtholate that could then be ttspdobe  these results, it was apparent that this new basgaatdid not

the effectiveness of such cyclic analogues (Figyre display the unusual temperature/performance praflehown by
) ) complex1. Indeed,2a exhibited reactivity that was much more
2. Results and Discussion analogous to magnesium bisamides and alkylmagnesium

amides’® where increasing the reaction temperature was
generally detrimental to the levels of enantioséldy observed
within the asymmetric enolisation process (Entri€g).10n the
other hand2adid display good levels of asymmetric induction at
temperatures up to —2€C, coupled with excellent reactivity
‘between —-60 and —-20C (Entries 2-4). Accordingly, this
establishes the first example of an amidomagnesiaphtholate
displaying such enantioselectivity within an asynmiget
deprotonation process, with an optimal efficiencylabee
conveniently achieved at the more accessible testyoer of —40

Intially, we employed the synthetically flexible geht-free
procedure described by Cimarelli to prepare allgmd aryl-
substituted aminonaphthols3a-g“*® and the convenient
procedure of Gong to access the fluorinated devivadh.*
Utilising (R)-1-phenylethylamine as the requisite chiral amine
alongside variation of the aldehyde component, igexa range
of functionalised diastereomerically-enriched amimghthols
after fractional recrystallisation (Table 1).

Table 1 °C (Entry 3).
Synthesis of aminonaphthols using the Cimarelli/Gon
method Phe Me Table 2
0"' b Temperature/performance profile of compRa
i) Solvent free, 60 °C RSN 0 OSiMe;,
Me o i) Recrystallisation OH Complex 2a (1 equiv.)
Py P OO DMPU (0.5 equiv.), Me;SiCl
Ph NH, R™ H 3a-h THF, Temp (°C)
t-Bu t-Bu
Entry R Conv. D.r. Yield 4a 5a
(%) (RR):(SR* (%)°

1 Ph 3a 91 99:1 73 Entry Temp. (C) Conv. (% E.r. GR?

2 4-Me-GH, 3b 67 85:15 32 1 -78 13 89:11

3 4-MeO-GH,;  3c 59 83:17 20 2 —-60 77 85:15

4 4-Cl-GH,4 3d 86 98:2 63 3 —-40 87 84:16

5 c-Hex 3e 69 99:1 59 4 -20 89 81:19

6 i-Pr 3f 57 79:21 27 5 0 69 71:29

7 n-Pent 39 61 75:25 12 6 20 45 68:32

8° CHK 3h 44° 26:74 18 7 40 23 56:44
3Determined byH NMR. PIsolated yield of R R)-diastereomerSee 3Determined by G. C. analysis.

Experimental section for full detailévield of diastereomeric mixture.
fIsolated yield of §R)-diastereomer.
Having developed reaction conditions that derive Hest
possible performance from compl2a, we focused our attention
With these ComponentS in hand, we now required deitab on appraising the remaining members of the set of

conditions for the preparation of the correspondingamidomagnesium naphtholateb-h, within this benchmark
amidomagnesium naphtholate complexes. Our previouslyeaction (Table 3). Based on that established i® stage, a
disclosed system], required preparation at reflux in THF, reaction temperature of —49C was adopted throughout this
however, '"H NMR analysis confirmed that simply stirring extended base study.
equimolar quantities of-Bu,Mg and aminonaphthol at room
temperature in THF was adequate to completely fowerdesired

complex (Scheme ?). Table 3
Ph_Me Ph__Me Evaluation of complexe®a-h under optimised conditions.
Y Y o] OSiMe;
R_NH R<_N-
n-Bu,Mg (1 equiv.) Mg Complex 2a-h (1 equiv.)
OH "JhF RT. 1h 0 DMPU (0.5 equiv.), MesSiCl
SeaiNlve:
t-Bu tBu
3a-h 2a-h 4a 5a
Scheme 1Preparation of complex&s-2h from aminonaphthol8a-3h. Entry R Conv. (%) Er. GR®
1 Ph 2a 87 84:16
. . 2 4-Me-GH,4 2b 87 84:16
With stralghtforwgrd access to these novgl complexes 3 4-MeO-GH, 2 a4 8515
began to assess their ability to function as chiede reagents. 4 4-CI-GH, 2d 85 83:17
Utilising complex2a as a representative member of this class, we 5 c-Hex 2e 77 82:18
initially evaluated the impact of several Lewis lgaadditives, 675 i-PPf 2f 31 ggiﬂ
; ; i n-Pent 29 :
which revealed that DMPU was optimum for reactivitydan 8 CR oh 82 8416

selectivity at —78°C, as had been observed with several,
preceding magnesium bad&d" Bearing in mind that base

reagentl had demonstrated its greatest selectivity at des |

conventional, and unexpected, reaction temperaifir0 °C," In all cases, the overall performance of compled@s were
we next moved to establish the operating temperdurthe new  yery similar, with selectivities at.a. 84:16 SR) and reaction
amidomagnesium naphtholate systems in benchmarkrasyric  conversions generally above 80% (Entries 1-8). Sihe range
deprotonations of fert-butylcyclohexanonda (Table 2). From 4 R groups employed was diverse in stereoelectroatzire,

Determined by G. C. analysis.



these results seem to suggest that the stereoedritrs position
has little effect on the overall reactivity and eszivity of the

individual base species. In order to assess thpothesis, we
prepared the formaldehyde-derived aminonaphBias well as
the benzylamine-derived aminonaphtl3pl each lacking one of

3

levels of selectivity being observed (Entries 1A&dditionally,

efficient deprotonation was achieved, with conversidieing
generally good (Entries 1-4) or more moderate wheplied
towards the sterically encumbered 2,6-disubstituteztone
(Entry 5). Based on the outcomes from this rangsutifstrates,

the stereocentres 8k (Figure 2). Subsequent application of the we believe that this new class of heteroleptic magnedase

corresponding amidomagnesium naphtholate derivatRieand
2j, within the benchmark asymmetric deprotonation tieac
conversely demonstrated that the stereogenic catdres crucial
for selectivity and that it is, in fact, the steteatre at that is
significantly less influential. Indeed, the stereote atb serves
only to bolster the selectivity very slightly andshlittle effect on
the base reactivity (Figure 2). Accordingly, it daesw appear
that the stereocentre @twhile essential, is exceptionally tolerant
of variations in the installed functionality.

Phﬁb/Me Phﬁa/Me
a _NH a N.
n-BuMg Mg
OH O 4a-5a
60% Conv.
3i 2i 56144 er. (SR)
Ph \lb Ph j17
Ph.,2_NH Ph,,s_N.
n-Bu,Mg MQ
OH o) 4a > 5a
90% Conv.
3j 2j 80:20er. (RS)

Fig. 2. Selectivity and reactivity relevance of stereooesa andb.

Considering the novel reactivity profile, relativi® the
preceding series of amidomagnesium phenofates)d the
overall success of these new complexes within thehmeark
enolisation reaction, we sought to ascertain tha&negality
through application to a series of prochiral ketsobstrates. Of
the complexes surveyed in this studg,was the most accessible,
largely due to the highly diastereoselective Mahnmiaction and
efficient fractional recrystallisation employedtime synthesis of
the parent compoun8a.**® As such,2a was used to probe the
applicability of this emerging chiral heteroleptimgnesium base
category (Table 4).

Table 4
Enantioselective deprotonation of prochiral ketenbstrates
using complexa.

0 OSiMe;
R R’ Complex 2a (1 equiv.) R R
DMPU (0.5 equiv.), Me3SiCl
THF, -40 °C
R? R?
4a-e 5a-e
Entry R R? Conv. (%J E.r. GR’
1 H t-Bu a 87 (80) 84:16
2 H n-Pr b 90 (79) 82:18
3 H Me c 87 (47) 78:22
4 H Ph d 81 (74) 74:26
5 Me Me e 56 (35) 13:87

“Determined by G.C. analysis; values in parenthasessolated yields of
products’Determined by G.C. analysfetermined by HPLC analysis of
the corresponding cyclohexenone; see the Experahsettion.

Pleasingly, amidomagnesium naphtholate B2Zs@erformed
effectively over the substrate range evaluatedh Besubstituted
and cis-2,6-disubstituted cyclohexanones were applicabltheat
conveniently accessed temperature of <@0Q with comparable

has considerable potential for structural exploratiand
optimisation with a view to enhancing the reactiviand
selectivity profile within asymmetric enolisationogesses.

3. Conclusion

Using the diastereoselective Mannich reaction of atat
and Gong, a series of enantiomerically-enriched anaphthols
have been accessed and employed in the prepaddtioseries of
chiral 6-membered metallocyclic amidomagnesium ttaglhte
complexes. These novel reagents were then usednteysthe
structural requirements and influences within thesvrcategory
of chiral magnesium-centred base. Subsequently, rihealed
the impact of both the various embedded substisuemd, at least
as importantly, the individual stereocentres on $ledectivity
within asymmetric deprotonations of prochiral ketaodstrates.
Further, good levels of selectivity and reactioficedncy were
achieved at the more readily accessible and eneffigient"
reaction temperature of —4C. Investigations are now underway
within our laboratory in order to further establisbteroleptic
magnesium amides as competent and widely applidzses in
this arena.

4. Experimental section
4.1. General information.

All reagents and solvents were obtained from comrakrci
suppliers and were used without further purificationless
otherwise stated. Purification was carried out adogrdto
standard laboratory methotigetrahydrofuran and 1,4-dioxane
were dried by heating to reflux over sodium wire, ngsi
benzophenone ketyl as an indicator, then distilleder nitrogen.
Diethyl ether and petroleum ether 30-4C were used as
obtained from suppliers without further purificatioi-n-
butylmagnesium,n-Bu,Mg,” obtained as a 1 M solution in
heptane, was standardised using salicaldehyde phehgkzone
as indicatof. Aminonaphthols were dried by (i) placing under
high vacuum for 18 h (if solid) or (ii) by heating 100°C under
vacuum (0.1 mbar) using a Kugelrohr apparatus fbr, Before
being purged with, and stored undes dbver 4 A molecular
sieves (if liquid). 1,3-Dimethyl-3,4,5,6-tetrahyd2¢iH)-
pyrimidinone (DMPU) was dried by heating to reflux pve
calcium hydride and distilling under vacuum befbeing purged
with and stored under Nover 4 A molecular sieves.
Chlorotrimethylsilane was distilled undes Bind stored over 4 A
molecular sieves. #Butylcyclohexanone 4a and 4-
phenylcyclohexanonetd were recrystallised twice from dry
hexane at 4°C, purged with, and stored under,. Ndn-
Propylcyclohexanonetb, 4-methylcyclohexanondc, and cis-
2,6-dimethylcyclohexanonde were dried by heating to reflux
over calcium chloride and distilled under vacuunfobe being
purged with and stored undeg diver 4 A molecular sieves.

All deprotonation reactions were air sensitive arsl,sach,
were carried out using flame dried Schlenk apparagiusging
refers to an evacuation/nitrogen refilling proceduoarried out 3
times.'H and™*C NMR spectra were recorded on a Bruker DPX
400 spectrometer at 400 MHz and 100 MHz, respectively
Chemical shifts are reported in ppm. Coupling camist are
reported in Hz and refer &, interactions unless otherwise
specified. Note that CDgls referenced a 7.26 and 77.16 ppm.
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FTIR spectra were obtained on a Perkin Elmer Spectine
instrument. High Performance Liquid Chromatography was
carried out on a Gilson Model 302 pump with a MiltBioy
spectromonitor 3100 detector using: Chiracel OD caolurh
mL/min flow rate; and a 254 nm detector. Gas Chrogragghy
was carried out using a Hewlett Packard 5890 Serigsa
Chromatograph and data was interpreted using Peakngiuter
software.Optical rotation measurements were recorded using
Perkin Elmer 341 polarimeter, using a cell with ¢hdangth of 1
dm; concentrations are expressed in g/108. ¢figh resolution

mass spectra were recorded on a Finnigan MAT 90><L'I4'2'6
instrument at the EPSRC UK National Mass Spectrgmetr

Facility at Swansea University (Wales). Thin layer
chromatography was carried out using Camlab silitatep
coated with indicator UM, These were analysed using a
Mineralight UVGL-25 lamp or developed using vanilliklash
column chromatography was carried out using Prokilica gel
(230-400 mesh).

4.2. Typical procedure for the synthesis of aminorghthols
3a-g and 3i.

Using the procedure of Cimareffifor example, synthesis of
(RR)-3a: A mixture of 2-naphthol (1 equiv., 5 mmol, 0.72 g)
benzaldehyde (1.2 equiv., 6 mmol, 0.64 g) ar®)-1-
phenylethylamine (1.05 equiv., 5.25 mmol, 0.64 gy \strred at
60 °C under N for 8 h. After this time, the mixture was found to
have solidified. After cooling to room temperatuttee solid was
dispersed with EtOH (50 mL) to afford a white crystadlisolid.
The solid was isolated by filtration and recryssat twice from
MeOH to provide the pureR(R)-diastereomer, RR)-3a, as
colourless crystals (1.29 g, 73%).

4.2.1 1-((R)-Phenyl((R)-1-phenylethylamino)methyljriaplen-
2-ol (R,R)-3a.* Colourless crystals: M.Pt. 132-13& (MeOH).
Vimax (CH.CL,): 3319, 2747, 1621, 1523 cm'H NMR (400 MHz,
CDCly) 6: 1.52 (d, 3HJ = 7.0 Hz), 2.31 (br s, 1H), 3.92 (q, 1H,
= 7.0 Hz), 5.47 (s, 1H), 7.18-7.76 (m, 16H), 13.65 b H).
[a]o® (RR): —220.0 ¢ 2.1, CHCY); Lit. (RR):**—=220.7 ¢ 2.1,
CHCly).

4.2.2 1-((R)-(4-Methylphenyl)((R)-1-
phenylethylamino)methyl)naphthalen-2-¢R,R)-3b.** 4.93 g,
32% (41.6 mmol reaction scale). Colourless crystdl®t.: 112-
114°C (MeOH).Vpmax (CH,CL,): 3319, 2742, 1621, 1517 cm'H
NMR (400 MHz, CDC}) &: 1.51 (d, 3HJ = 7.0 Hz), 1.54 (br s,
1H), 2.25 (s, 3H), 3.90 (q, 1H,= 7.0 Hz), 5.44 (s, 1H), 7.03-
7.55 (m, 15H), 13.68 (br s, 1H)a]L™ (RR): —184.9 ¢ 3,
CHCly); Lit. (RR):**-191.9 ¢ 3.1, CHCY).

4.2.3 1-((R)-(4-Methoxyphenyl)((R)-1-
phenylethylamino)methyl)naphthalen-2-¢R,R)-3c.** 3.04 g,
20% (41.6 mmol reaction scale). Colourless crystdl®t. 104-
106°C (MeOH).Vma (CH,CL,): 3319, 2747, 1619, 1509 c'H
NMR (400 MHz, CDC}) &: 1.51 (d, 3HJ = 7.0 Hz), 2.27 (br s,
1H), 3.72 (s, 3H), 3.89 (q, 1H,= 7.0 Hz), 5.43 (s, 1H), 6.74-
7.75 (m, 15H), 13.71 (br s, 1H)a]p*° (RR): —188.6 ¢ 1.9,
CHCly); Lit. (RR):**~190.4 ¢ 1.9, CHCY).

4.2.4 1-((R)-(4-Chlorophenyl)((R)-1-
phenylethylamino)methyl)naphthalen-2-(R,R)-3d.** 10.11 g,
63% (41.6 mmol reaction scale). Colourless crystdl®t. 122-
124°C (MeOH).Vmax (CH,CL,): 3319, 2747, 1621, 1520 cm'H
NMR (400 MHz, CDC}) 8: 1.52 (d, 3HJ = 7.0 Hz), 2.25 (br s,
1H), 3.90 (g, 1H,J = 7.0 Hz), 5.44 (s, 1H), 7.11-7.77 (m, 15H),
13.50 (br s, 1H).d]5*° (RR): —=193.5 € 3.5, CHCY); Lit.** (R R):
—192.0 ¢ 3.5, CHCY)).

Tetrahedron

425 1-((R)-Cyclohexyl((R)-1-
phenylethylamino)methyl)naphthalen-2-¢R,R)-3e.** 8.84 g,
59% (41.6 mmol reaction scale). Colourless crystdl®t. 145-
147°C (MeOH).Vma (CH,CL,): 3335, 2670, 1621, 1517 ¢'H
NMR (400 MHz, CDC}) 3: 0.90-1.30 (m, 6H), 1.47 (d, 3H,=
7.0 Hz), 1.53-1.90 (m, 5H), 2.32 (br s, 1H), 3.691(H, J = 7.0
Hz), 4.17 (d, 1H,) = 6.0), 7.06-7.76 (m, 11H), 13.04 (br s, 1H).
B]p° (RR): -5.5 € 2.1, CHC); Lit. (RR):* -5.93 ¢ 2.1,
CHCly).

1-((R)-2-Methyl-1-((R)-1-
phenylethylamino)propyl)naphthalen-2-ofR,R)-3f.** 3.36 g,
27% (41.6 mmol reaction scale). Colourless crystdl®t. 117-
119°C (MeOH).Vmax (CH,CL,): 3335, 2747, 1621, 1517 cm'H
NMR (400 MHz, CDC}) 8: 0.75 (d, 3H,J = 7.0 Hz), 0.98 (d, 3H,
J=7.0 Hz), 1.49 (d, 3H] = 6.5), 2.14-2.23 (m, 1H), 2.27 (br s,
1H), 3.70 (g, 1H,) = 7.0 Hz), 4.16 (d, 1H] = 6.5 Hz), 7.08-7.76
(m, 11H), 13.09 (br s, 1H)a]*° (RR): —11.6 € 2, CHCL); Lit.
(RR):*-10.95 ¢ 2, CHCE).

4.2.7 1-((R)-1-((R)-1-Phenylethylamino)hexyl)napkgha2-ol
(R,R)-3g. Following the typical procedure (4.2) on a 41.6 shm
scale, an oily diastereomeric mixture g was obtained (75:25
dr.; RRRS 5.24 g, 36%). This was salted with saturated
hydrochloric acid in ethereal solution and recrjizgied from
MeOH/MTBE. The hydrochloride salt (2.64 g) was ndigeal
with NaHCGQ, resulting in the isolation dRR,R)-3g (1.8 g, 12%).
Viscous 0il. Vimax (CH,Cly): 3324, 2752, 1619, 1517 ¢n'H
NMR (400 MHz, CDC}) é: 0.81 (t, 3H,J = 7.0 Hz), 1.08-1.41
(m, 6H), 1.48 (d, 3HJ = 7.0 Hz), 1.67-1.86 (m, 2H), 2.17 (br s,
1H), 3.74 (q, 1HJ) = 7.0 Hz), 4.38 (dd, 1H] = 5.0 Hz, 8.5 Hz),
7.10-7.78 (m, 11H), 13.10 (br s, 1HYC NMR (100 MHz,
CDCly) &: 14.0, 22.5, 23.1, 25.7, 31.4, 34.9, 54.9, 551.4,
119.8, 121.0, 122.2, 126.1, 126.6, 127.7, 128.8.8,2128.9,
129.0, 132.7, 143.5, 156.5]p* (RR): =5.9 € 2, CHCL). m/z
[M+H"™] for C,4H3NO requires 348.2322, found 348.2325.

4.2.8 (R)-1-((1-Phenylethylamino)methyl)naphthalenl-23i.
2.08 g, 54% (13.87 mmol reaction scale, with a feact
temperature of 65°C). Colourless crystals. M.Pt. 67-6C
(EtOAc/Hexane) Vmax (CH,CL,): 3302, 2802, 1619, 1520 chm
'H NMR (400 MHz, CDC}) &: 1.53 (d, 3H,J = 6.5 Hz), 3.92 (q,
1H,J = 6.5 Hz), 4.24 (d, 1H] = 14.5 Hz), 4.34 (d, 1H] = 14.5
Hz), 7.12-7.76 (m, 11H)**C NMR (100 MHz, CDG)) &: 23.4,
45.2,57.7,112.5, 119.6, 121.2, 121.3, 122.6,4.2626.8, 127.9,
128.7, 129.0, 129.3, 132.5, 143.4, 157cd»*° (RR): 43.6 € 3.5,
CHCly). m/z [M+H"] for C;H,0NO requires 278.1539, found
278.1539.

4.3. 1-(§)-2,2,2-Trifluoro-1-((R)-1-
phenylethylamino)ethyl)naphthalen-2-ol §,R)-3h.

Prepared following the procedure of Gdfig:
Trifluoroacetaldehyde ethylhemiacetal (6.00 g, 41mémol, 1.2
equiv.) was added to a solution &){1-phenylethylamine (4.20
g, 34.7 mmol, 1.0 equiv.) in dry PhMe (40 mL). Theture was
stirred at room temperature for 15 min and themestiat reflux
for 2 h. After cooling, the solvent was evaporatedearreduced
pressure to afford a residue. A portion of the mesig3.49 g,
17.34 mmol) was dissolved in dry @&, (50 mL) and 2-
naphthol (2.50 g, 17.34 mmol, 1.0 equiv.) was addEde
mixture was cooled to 0 °C and BEL,O (2.46 g, 17.34 mmol,
1.0 equiv.) was added. The reaction mixture was ttered
overnight at room temperature before addition g®H40 mL).
The mixture was then neutralized with sat. agq. Naki€gution.
The organic layer was separated and the aqueous Vea®
extracted with EtOAc (2x30 mL). The combined organitacts
were dried (MgSQ), filtered, and concentrateith vacuoto a



residue that was purified by flash column chromapby
eluting with EtOAc:Hexane (1:10-1:5) to provide the darot as
a mixture of diastereomers (2.64 g, 44%, 74:26 BRRR)).
Crystallisation from MeOH yielded white crystals of98%urity
for (SR)-3h as determined byH NMR (1.18 g, 20% yield).
Further fractional recrystallisation from MeOH engch the
mixture to 97% purity (1.07 g, 18% yieldJ.olourless crystals:
M.Pt. 114-116°C (MeOH). V. (CH,Cly): 3324, 2929, 1621,
1523, 1185 ct. 'H NMR (400 MHz, CDC)) 5: 1.56 (d, 3H,J =
7.0 Hz), 2.49 (br s, 1H), 3.76 (g, 18l= 7.0 Hz), 4.88 (q, 1H,
*Jur = 7.5 Hz), 7.01-7.83 (m, 11H), 11.89 (br s, 1FY]p>°
(SR): -5.6 € 1, CHCL); Lit. (SR):**—-2.3 € 1, CHCL).

4.4 Preparation of (+)-1-@-Aminobenzyl)naphthalen-2-ol?

Prepared following the procedure of Bétffo a solution of 2-
naphthol (1 equiv, 100 mmol, 14.4 g) in EtOH (95% n&0) was

added benzaldehyde (2 equiv, 21.2 g, 200 mmol)satdrated
ammonia aq. solution (20 mL). The reaction mixtusmas

stoppered and allowed to stand for 2 h at room teatpes. The
solution became red and warmed up spontaneouslystbpper
was then removed and the excess ammonia allowedctpes
After 12 h the precipitate was removed by filtrateomd aq. HCI
(20%, 120 mL) added. The mixture was then distitiedemove

benzaldehyde. The remaining hydrochloride salt wepended
in water (45 mL) and stirred with aq. }&O; (2 M, 240 mL)

before extracting with EtOAc (4x90 mL). The combinadamic

extracts were dried (MgSQ filtered, and concentratéd vacuo

to afford the title compound as a white powder (158688%).

4.5 Preparation of §)-1-(a-Aminobenzyl)naphthalen-2-ol>*°

Prepared following the procedure of CardelliccHi@ solution
of L-tartaric acid (1 equiv, 38.1 mmol, 5.72 g) 8#5%

EtOH:MeOH (25 mL:13 mL) was added dropwise to a solution

of (¢)-1-(a-aminobenzyl)-2-naphthalen-2-ol (1 equiv, 38.1 mmol
9.5 g) in EtOH (95%, 300 mL). The reaction mixture \sbmsvly
stirred for 6 h at room temperature. The formethtate salt was
removed by filtration and then slurried in methaéd mL),
driedin vacuq and isolated as a white solid (6.51 g, 43% yield)
The tartarate salt (5.48 g, 13.72 mmol) was suspgkirdevater
(55 mL) and ag. N&£O; (2 M, 55 mL) was added. The mixture
was stirred for 45 min then extracted with@&{4 x 90 mL). The
combined organic extracts were dried (MggUiltered, and
concentratedn vacuoto afford the title compound as a white
solid (2.90 g, 61% based on the maximum possitetd yof the
(S-isomer). Amorphous white powder. M.Pt. 110-FT3(ELO).
Vimax (CH.Cl,): 3384, 2830, 1621, 1520 cm'H NMR (400 MHz,
CDCly) &: 2.38 (br s, 2H), 6.18 (s, 1H), 7.17-7.75 (m, 11H),
13.07 (br s, 1H).d]p® (RR): +55.7 € 4.4, GHe). Lit. (9:™°
+58.84 €5, GHy).

4.6 Preparation of
Phenyl(phenylmethylamino)methyl)naphthalen-2-ol §)-3

1-(®-
11

if
Prepared following the procedure of CardelliccHig solution
of benzaldehyde (1 equiv, 11.63 mmol, 1.23 g) @E{95%, 19
mL) was added dropwise to a solution of5-1-(a-
aminobenzyl)naphthalen-2-ol (1 equiv, 11.63 mmdd02g) and
the reaction mixture stirred overnight. The preei@ was
removed by filtration and dried under high vacuuming a
white solid (3.19 g, 81% vyield). The solid was susjshin
PhMe (80 mL) and hydrogenated using palladium orbara
(10%) in a Parr hydrogenator under an atmosphekt ¢45 psi).
The crude product was filtered through a plug ofiteeand
recrystallised from EtOAc/hexane to afford the titempound
(2.66 g, 89% vyield). The enantiomeric excess wasrdghed by

5
chiral HPLC to be 98%S). Colourless crystals. M.Pt. 109-112
°C (EtOAc/Hexane)V .y (CH,CL,): 3324, 2742, 1621, 1520 Cm
! 'H NMR (400 MHz, CDCJ) &: 2.34 (br s, 1H), 3.87 (d, 1H,=
13.0 Hz), 4.09 (d, 1H) = 13.0 Hz), 5.82 (s, 1H), 7.24-7.80 (m,
16H), 13.57 (br s, 1H)"*C NMR (100 MHz, CDG) &: 52.9,
63.0, 113.2, 120.3, 121.4, 122.7, 126.7, 127.8,.0,2828.3,
128.8, 129.0, 129.1, 129.2, 129.3, 130.1, 132.8.113141.5,
157.0. HPLC (Chiracel OD, 10%PrOH/Hexane, flow rate 1
ml/min, 254 nm detector)ztS = 7.85 min, &R) = 9.38 min.
[a]o® (S): —206.1 ¢ 1, GHy), Lit. (9:*" =208 € 1, G;H).

4.7. Typical procedure for the asymmetric deprotontion of
prochiral ketones.

For example, Table 4, Entry 1: A flame-dried Schléme was
cooled, purged with N(x 3), and charged with-Bu,Mg (1 M in
heptane, 1 equiv., 1 mmol, 1 mL). The heptane was tamoved
in vacuoto give a white solid. A solution of aminonaphti3al(1
equiv., 1 mmol, 353 mg) in dry THF (10 mL) was adéed the
mixture was stirred for 1 h at room temperature. ifirdure was
then cooled to —40C before the addition of DMPU (0.5 equiv.,
0.5 mmol, 60uL) and M&SiCl (4 equiv., 4 mmol, 0.5 mL). The
mixture was stirred for 20 min before the additioh 4etert-
butylcyclohexanoneda (0.8 equiv., 0.8 mmol, 123 mg) as a
solution in THF (2 mL) over 1 kia syringe pump. The reaction
mixture was then stirred at —4Q under N for 18 h before being
quenched with sat. ag. NaHg®olution (10 mL). The mixture
was allowed to warm to room temperature before beitrgeted
with ELO (2 x 15 mL). The combined organic extracts were
dried (MgSQ) and a representative sample was analysed by
achiral G.C. to obtain the ketone to enol silanevegsion (87%).
The solution was then filtered and concentratedvacuo to
afford a residue that was purified by column chrageaphy
eluting (1% EtO/petroleum ether 30-4€C) to afford5a as a
colourless oil (145 mg, 80%). A representative samfl the
product was analysed by chiral G.C. to obtain thengmmeric
ratio (84:16 &R)).

Achiral G.C. analysis: (i) CP SIL-19CB column; (iiqrcier gas,
H, (80 kPa): (i) injector/detector temperature, 2@ (i) initial
oven temperature, 45 °C; (iii) temperature gragigfrC min™;
(iv) final oven temperature, 19TC; and (v) detection method,
FID.

Chiral G.C. analysis: (i) CP Chirasil-DEX CB coluntii} carrier
gas, H (80 kPa): (i) injector/detector temperature, 2@ (i)
initial oven temperature, 70 °C; (iii) temperatgradient, 1.5C
min™%; (iv) final oven temperature, 126C; and (v) detection
method, FID.
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4.7.1 4-tert-Butyl-1-trimethylsilyloxy-1-cyclohexebea. Vmax
(KBr): 1674 cm”. *H NMR (400 MHz, CDCJ) &: 0.19 (s, 9H),
0.90 (s, 9H), 1.21-1.29 (m, 2H), 1.78-1.85 (m, 2HY812.09 (m,
3H), 4.84-4.86 (m, 1H)°C NMR (100 MHz, CDG)) &: 0.13,
24.7, 26.9, 27.0, 30.7, 31.8, 43.8, 103.6, 149.%it G.C.
analysis: 4 (4a) = 5.27 min, 4 (58 = 5.49 min. Chiral G.C.
analysis: 4 ((§-5a) = 25.67 min, & ((R)-5a) = 25.95 min.

4.7.2 4-n-Propyl-1-trimethylsilyloxy-1-cyclohexerh.’ vy
(KBr): 1671 cm™. *H NMR (400 MHz, CDCJ) &: 0.19 (s, 9H),
0.90 (t, 3H,J = 7.1 Hz), 1.20-1.39 (m, 5H), 1.40-1.51 (m, 1H),
1.61-1.79 (m, 2H), 1.92-2.00 (m, 1H), 2.01-2.14 (1H),24.81-
4.85 (m, 1H).®*C NMR (100 MHz, CDG)) & 0.43, 14.5, 20.4,
29.4, 29.8, 30.5, 33.1, 38.4, 103.7, 15@8hiral G.C. analysis:
tr (4b) = 4.75 min, 4 (5b) = 5.03 min.Chiral G.C. analysisizt
((9-5b) = 20.53 min, ¢ ((R)-5b) = 20.85 min.
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4.7.3 4-Methyl-1-trimethylsilyloxy-1-cyclohexeBe.* ™ v

(CH,Cl,): 1668 cm". 'H NMR (400 MHz, CDCJ) &: 0.18 (s,
9H), 0.95 (d, 3HJ = 6.3 Hz), 1.25-1.37 (m, 2H), 1.57-1.73 (m,
3H), 1.92-2.15 (m, 2H), 4.81-4.85 (m, 1FC NMR (100 MHz,
CDCly) 0: 0.40, 21.3, 28.4, 29.7, 31.4, 32.4, 103.7, 15@chiral
G.C. analysis:g (4c) = 3.07 min, ¢ (5¢) = 3.57 min. Chiral G.C.
analysis: 4 ((§-5¢) = 9.23 min, 4 ((R)-5¢) = 9.40 min.

4.7.4 4-Phenyl-1-trimethylsilyloxy-1-cyclohexeBd."”***® v, .,
(CH,CL): 1670 cm™. '"H NMR (400 MHz, CDC)) &: 0.24 (s,
9H), 1.81-2.01 (m, 2H), 2.03-2.13 (m, 1H), 2.15-2.86 GH),
2.72-2.82 (m, 1H), 4.95-4.98 (m, 1H), 7.23-7.37 (rhl).5°C
NMR (100 MHz, CDC}) &: 0.15, 29.6, 29.9, 31.6, 39.6, 103.3,
125.6, 126.5, 127.9, 146.3, 149.9. Achiral G.C. asisiyk (4d)

= 7.83 min, § (5d) = 7.93 min. {]p™* —22.1 € 2.3, CHC}))
corresponding to 74:26 e.ISR). Lit. [a]p® (9:** —33.5 € 2.3,
CHCL, 87:13 e.r.§R)).

The enantiomeric ratio was further confirmed by HPA@lysis
of the corresponding cyclohexenone obtaingd palladium-
catalysed oxidation (Saegusa-Ito)safin the following manner:

(S)-4-Phenylcyclohexenong

To a stirred solution dbd (120 mg, 0.49 mmol, 1.0 equiv) in dry
MeCN (2 mL) was added Pd(OAcf55 mg, 0.24 mmol, 0.5
equiv) and 1,4-benzoquinone (26 mg, 0.24 mmol, é&gbiv)
under N. The reaction was stirred for 3 h at room tempeeatu
then concentrateth vacuoto give a residue that was purified by
flash chromatography (10% J&x:petrol 30-40°C) to afford the
titte compound as a colourless solid (60 mg, 72%®dYi Vmax
(CH,CI,): 2934, 1679, 1492 cth 'H NMR (400 MHz, CDC)) &:
2.02-2.11 (m, 1H), 2.34-2.42 (m, 1H), 2.45-2.60 (H),23.72-
3.77 (m, 1H), 6.18 (ddd, 1H), = 10.0, 2.5, 0.5 Hz), 7.00 (ddd,
1H, J = 10.0, 3.0, 1.5 Hz), 7.22-7.39 (m, 5H}]§** +152.8 ¢
1.0, CHC). Lit. [0]p® (9:* +195.0 ¢ 1.0, GHe). HPLC
(Chiracel AD, 10% EtOH/Isohexane, flow rate 1 ml/mi&42m
detector): #(S = 7.40 min, §(R) = 7.96 min. (74:26 e.SR)).

4.7.5 2,6-Dimethyl-1-trimethylsilyloxy-1-cyclohexesee™ v .,
(CH,CL,): 1679 cm'. '"H NMR (400 MHz, CDC}) &: 0.18 (s,
9H), 1.05 (d, 3HJ = 6.9 Hz), 1.35-1.43 (m, 2H), 1.56 (s, 3H),
1.57-1.67 (m, 1H), 1.74-1.82 (m, 1H), 1.94 (t, 2Hs 6.1 Hz),
1.98-2.19 (m, 1H)*C NMR (100 MHz, CDC)) &: 0.72, 16.9,
19.0, 20.5, 30.8, 32.3, 34.1, 112.1, 14Adhiral G.C. analysis:
tr (46 = 3.23 min, 4 (5¢) = 3.88 min.Chiral G.C. analysis:gt
((9-56) = 9.96 min,  (R)-5€) = 9.67 min.
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