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ARTICLE INFO ABSTRACT

Article history: The synthesis and resolution of new tridentateusuariine-derived ligands has bedavelopec
Received The key steps in the synthetic sequence includeessove, chemo-selective Suzbkiyaure
Received in revised form cross-couplings of 1,8ichloroisoquinoline with suitable arylboronic asidThe new liganc
Accepted prepared in this manner were resolved eithé® molecular complexation withN-
Available online benzylcinchonidinium chloride as with 1-[3-(2-hydyphenyl)isoquinolin-1-yllnaphthalen-@

or via chromatographic separation of its epimeramphorsulfonates as for 1,3-bis-(2-
hydroxynaphthalen-1-yl)isoquinoline. tért-Butyl-2-chloro-6-[1-(2-hydroxymethylnaphthalen-
1-yl)isoquinolin-3-yl]phenol was resolved by chismi-preparative HPLO he application ¢
these ligands in the diethylzinc addition to ald#ds/ was investigated. In certain cases
desired secondary alcohols weréadbed in high yield with excellent enantiomericess (ee
99%) at low catalyst loading (1 mol%).

Keywords:

Axial chirality
Tridentate ligand
Asymmetric catalysis

Isoquinoline

Chiral alcohol 2018 Elsevier Ltd. All rights reserved
H \ E>—CH20H /\NnN/R

1. Introduction N

OH /\NfT\s Ph ‘8 PPh2
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(1RA'R2'S)-3 (5.5)-4 5:R =H, Me, Pr, 'Bu, Ph, Bn

The development of chiral tridentate ligands suéabor
application in a variety of catalytic asymmetricopesses has
received much attention in recent ye&tsncluding examples
from our own groug™ Of these ligands, Carreira’s imine  Figure 2. Mao’s ligands3 and4 and Guiry's Quinazolinaps
derived from NOBIN? (2) (Figure 1) has proven extremely
effective in the Ti(lV)-catalyzed enantioselectidukaiyama
aldol reaction of various ketene acetals with aldekyas well as
the addition of 2-methoxypropene to aldehytfddlore recently,
Mao et al. have described the synthesis of sulfamide-amin
alcohols 3 and 4 (Figure 2) for the highly efficient
enantioselective addition of diethylzinc to aldetgtf We have

recently reported a series of bidentate ligandsn&ualinapss, increasing phenol acidity. We therefore reasonati&hvould be

which give excellent results in a number of catalgsymmetric a suitable synthetic target as the key design pimovas to
reactions=?® Encouraged by these results, a research program ynihe 9 ; y design

: . . . . ; incorporate the nitrogen donor into an isoquinoliimey and to
into the design, synthesis, and resolution of &seof ligands

. : . leave the remainder of the ligand mostly unchangéadplifyin
related to the previously reported tridentate ldmrand our further. in_ our preliminar)? investiga)t/ions Wgﬂ%p y“ t%
Quinazolinaps was initiated. ’ ’

concentrate on the synthesis of analoguasd8 (Figure 3)>°

Our initial ligand design sought to combine the etife 6-
chelate about the biaryl axis of the Quinazolindpswhile
maintaining the tridentate binding mode of ligahdStructural
analysis of1 shows a 6-membered and 7-membered chelate
%etween the imine nitrogen and, respectively, thenplc
hydroxyl and the naphthol. The phenol is substitutéth a 4-
tert-butyl group and a 2-bromo substituent, with thetelat

'Bu
1 3 i
P>
N NH, O
ses i oon S o
\ N OH

- - o

Figure 1. Carreira’s ligandL derived from NOBIN2. 6:R='Bu R =Cl .

7:R=H,R=H

Figure 3. Original desigr6 and its simpler analogu&sand8
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Synthesis and Resolution

The synthesis of ligandsand8 commenced with the Suzuki-
Miyaura cross-coupling of 1,3-dichloroisoquinolin@®) and
arylboronic acid 10 to vyield biaryl 11 (Scheme 1). The
regioselectivity of this cross-coupling reactionshgpreviously
been reported and rationalised by Woodwatd al.’ The
preparation of aryl ethers2 and 13 was completedia Suzuki-
Miyaura cross coupling of1 with arylboronic acid€.4 and 10,
respectively, (Scheme 1). The 3-chloro substiti®gienerally a
poor electrophilic partner for cross-coupling réats, however,

when Pd(PPY), was employed as the catalyst, both couple
productsl2 and13 were obtained in moderate yields of 55% and

45%, respectively, even when forcing conditions warployed
(110°C in DMF). The emergence of XPhdk5) as an excellent
ligand for the Suzuki-Miyaura cross-coupling reawtiof aryl
chlorides and tosylates has greatly expanded thpesof this
useful proces& Therefore, by heating biargll with Pd(OAc),

XPhos and KPQ, in THF with the requisite boronic acid at 80

°C for 18 h, the required aryl methyl ethet® and 13 were
isolated in excellent yields of 85% and 95%, retipely.

Scheme 1Synthesis of Ligands and8
©iB(OH)2

O PCy, 1 OMe
Pr. 'Pr
O 15

Pr

1 Cl
cw e
9 a, 79% N
- = .

b, 55%
orc, 85%

12: R = Me
L TRen

83%

Reagents and conditions: (a) Pd(PP¥), (cat.), DME, ArB(OH}),
Na,CO;, 90°C, 5 d (b) Pd(OAg) (cat.), 15, ArB(OH),, KsPO,,
THF, 8C°C, 18 h (c) 48% HBr, AcOH, 14TC, 18 h.

Compounds12 and 13 obtained from the Suzuki-Miyaura
reaction were subsequently exhaustively demethylaitd HBr
to afford the desired tridentate ligandsand 8 in good yield?’
Subsequently, various resolution methods were iigagsd.
Ding et al. reported the optical resolution of ligar@l by
molecular complexation wittN-benzylcinchonidinium chloride
(16) (Figure 4)*

The stereoview of the crystal structure of th-(+)-2016
shows that hydrogen bonding between the amino alciblkthe
chlorine atom is crucial to formation of the molkoucrystal - a
fact that is best illustrated by the failure ofriglal7, to form an
analogous molecular crystal.

/Bj
Ho/ ey -
HO. N

k Cl

Ph N(CH3)z
N OH
- O
N

16 17

Figure 4. N-Benzylcinchonidinium chloride 16) and the
dimethyl derivative of NOBINL7

We reasoned that, although our ligaifdand8 have no NH
moiety available to form the analogous hydrogen dhotine
existence of a second OH with a proton capable of mdcg a
similar region in space might facilitate formatioof the
molecular crystal. Gratifyingly, ligand could be resolved by
employing a modified procedure. Therefore, stirriagemic7
with 0.5 equiv. of16 in acetone for 18 h produced a white
precipitate of R)-7[16 that was isolated and converted further to
afford (R)-7 in 36% vyield with 90% ee. The mother liquor was
also processed to give the opposite enantiome6% %eld and

d88% ee. The resolution could be repeated with the

enantioenrichedR)-7 and §-7 to furnish each enantiomer in
99% and 98% ee, respectively, (Schem& 2).

Scheme 20Optical resolution of ligand

L

~N OH

16 (0.5 equiv.) I
s,
Me,CO, 18 h OO OH

(S)-()-7

+  (R)-(+)716

X-ray crystal analysis revealed formation of anantolecular
hydrogen bond between the phenol hydrogen and the
isoquinoline nitrogen of R)-7 and an intermolecular bond
between the naphthol hydrogen and the chloride Higuire 5).

Rceo

Figure 5. X-ray crystal structure ofR)-(+)-716 (Hydrogen
atoms and solvent molecules are omitted for clpfity

Table 1. Selected bond lengths and angles R)¥(¢+)-7016

Length/A Angle/deg
H(30)...Cl 222 N(3)-C(35)-C(42)-C(51) 0745
H(20)...N(3) 1.84  C(34)-C(35)-C(42)-C(43) 076.3
H(20)...N(3) 222 O(3)-H(30)...Cl 172.9
0(2)-H(20)...N(3) 144.9
O(1)-H(10)...Cl 166.2

Unfortunately, ligand8 could not be resolved using this
method. Therefore, racemi®@ was converted to its camphor
sulfonates using the procedure of Cheial. (Scheme 3§+



Scheme 3.Synthesis of epimeric bis(sulfonate$),$.S)-18 and
(RS, 9)-18and conversion 0fY,59-18to (9-(-)-8

3
Table 3. The kinetic parameters for the racemisatioid of

T (K) 10%;acends™ Eyring Functions
O O 328 008.3 (0.5) AH*/kJmol* 99 (24)
Q Q 338 022 (1.3) AS'1J mol*K ™ -43 (68)
S S
O N OH ol O b ore 348 05700(1.7) AGkImor* 112 (20)
oH  TEgN.CHGL o+ (RaSSK18 363 300 (13.0)
OO 0°Ctort, 18h OO Arrhenius Parameters
8 o (545.5)18 g% EJ/kJ mol* 102 (24)
D A In(A/sY) 260 (8)
o *Figures in parentheses are errors calculated fdr &nfidence level

The epimers were then converted to enantiomeriealliched
(+)-8 and (-)8, by stirring in 50% w/v NaOH at €C, followed
by acidic work-up and extraction into GEl, (Scheme 4).
Racemic8 was also resolvedia chiral semi-preparative HPLC,
(see Supporting Information).

Scheme 4 Synthesis of LigandSj-8
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Racemisation Studies

Ligands7 and8 are classed as toitho substituted biaryls and
these compounds are known to readily racemise whdeaat
one of theortho groups is small such as OMe of*FHowever,

y = 11.939x - 18.778
R?=0.994

In(T/k )

13 . . . )
2.7 2.8 2.9 3.0 3.1
10%/T (K™

Figure 8. The Eyring plot for the racemisation ©fn benzene

Table 4. The kinetic parameters for the racemisatioB of

. T (K 10KacendS™ Eyring Functi

Brown and co-workers have reported the synthesishefipl 19 ) oS yr;ng UnlC ons

. . - 313 007.5 (0.4) AH*/kJImol 86 (10)
(Figure 6) the half-life of which they calculatealtie 455 days at h 4 041 (4) ASTImolK-: 88 (29)
room temperatur® This compares favourably with the 248 230 (3) AGKImolt 112 0(9)
unsubstituted derivativ@0, an intermediate in the synthesis of

X ) . i ; 363 860 (13)
Quinap @1), which has a half-life to racemisation of just@®ys .
. . Arrhenius Parameters
at room temperature, Figure 6. We envisaged that ou .
compounds, which are structurally close to Brownterimediate E/kJ mot 89 (10)
' In(A/sY) 020 (4)

19, might display a higher barrier to racemisatiore do the
similarity of the substitution pattern on the isopline ring.

#Figures in parentheses are errors calculated fdr &nfidence level

CH,Br N N
21 -
oH oH PPh, y = 10.330x - 13.186
OO OO OO 20 A R? = 0.999
19 20 21
19
Figure 6. Brown’s intermediate$9 and20 and Quinap21) g 16 -
Spivey et al. have reported the atropisomerisation studies of a =
series of axially chiral biaryl derivatives of DMAP* Following 17 -
the method of Eyring and Cagle, they studied the
atropisomerisation of individual enantiomers ofsthdigands in 16 1
sealed-tube experiments followed by CSP HPLC arsi§sie
therefore applied this method in our investigatiant the 15 T T 1
racemisation of ligands and8. Arrhenius and Eyring plots were 2.7 2.9 LT (<Y 31 33

graphed and kinetic parameters for the racemisaifon and 8
were obtained (Tables 3-4, Figures 8-9).

From these data it can be calculated that for dgathe half-life

Figure 9. The Eyring plot for the racemisation ®fn benzene

However, their use at temperatures below ambient nsiglhbe

to racemisation at room temperature is 97 days thatl an  possible although not practical. Ligadvas therefore applied in
enantiomerically homogeneous sample would lose 1%tsof the diethylzinc addition to benzaldehyde at 2@0with varying
optical purity after 34 h. For ligan8l these values are 105 days catalyst loadings to afford the desired produchascemate in
and 37 h, respectively. The barriers to atropistsagon for  only moderate yield. In order to explain the motergelds and
these two ligands are arguably too low to render theeful for  racemic nature of the product it is worthwhile inigsting the
application in asymmetric catalysis at room tempeea mechanism of the diethylzinc addition. It has bpesposed that
the mechanism for the bidentate liga@d in the diethylzinc
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addition proceeds through an alkoxide din& which then
dissociates into a reactive monom24 which ensures high
reactivity (Scheme 5).

Scheme 5. The mechanism for bidentate
diethylzinc addition

NMe.
2 Zn
OH z
22

Z§
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However, with a potentially tridentate system the kisign
feature is to create a more rigid structure thaghmibetter
discriminate between the two enantiotopic faces okzhkiehyde
within the transition-state complex. If one cons&ethe
momomeric tridentate binding mode of ligaddi.e., complex
27, (Scheme 6). It has been shown that such monorimethe
case of bidentate ligands, are the reactive commgsenia the
addition proces¥’*®

Scheme 6Monomeric tridentate binding mode of ligand

However,
complex of the structurally related compouf8 contains a
palladium-nitrogen bond which is 26ut of the isoquinoline ring
plane. This distortion is required to accommodh#edonstraints
of the chelate unit. It may be reasoned therefbat, thbased on
this observation and on molecular models of the anwer 27,
that the ligand may not form the desired compleixrbay instead
bind the zinc ion in a bidentate fashion preferadgpting a six-
chelate binding mode as 29 (Scheme 6). This bidentate binding
mode would have little influence on the level
enantioselectivity of zinc addition, as chiral infation would
not be efficiently transferred from the chiral axXe therefore

ligands in the

it has previously been shown that the PdCI

Tetrahedron

acid 32." The resulting cross-coupled product may then be

converted t®B0 (Scheme 7).
Scheme 7Retrosynthetic Analysis of ligarD

Suzuki-Miyaura

cross-coupling
Ccor
SON

35

S
~-N

(HO),B

Cl
OMe

32

The preparation of boronic aci®2 began with the
bromination of 4tert—butyl-phenol37 to produce the desired
ortho-brominated producB8 in 99% yield. This compound was
then chlorinated following the procedure of Sheldsral. to
yield phenol39 in 95% yield* Methylation of39 following a
modification of the procedure of Cram and co-work&iferded
aryl etherd0in 92% yield®" The synthesis of the desired boronic
acid32 was then completed by formation of the Grignard eeag
and subsequent quenching with trimethylborate, fadid by
hydrolysis (Scheme 8).

Scheme 8Synthesis of boronic acigR

QQQOH

R=H,37
A, R-pr 3

R =H,39
o[ gr- Me, 40

Reagents and conditions: (a).B60 °C, CHCl,, 1 h, 99%. (b)

of SOLl,, diisobutylamine, toluene, 7TC, 95%. (c) KCO;, Mel,

Me,CO, 70°C, 24 h, 92%. (d) (i) Mg, THF; (i) B(OMg)-78
°C, 18 h; (jii) HO.

proposed ligand30 as a suitable candidate to offset all the Compound35 was synthesised in 81% vyield by Suzuki-

difficulties encountered with ligandg and 8 and which still
incorporates key features of the successful Carrkgand 1
(Figure 10). Interestingly, Baker and co-workerséhaweviously
described the synthesis and resolution of lig@&idand its
application in the diethylzinc addition to benzédgée producing
the desired alcohol in 91% yield and 68%®e.

Figure 10. Baker's ligand31 and our proposed tridentate ligand
30

Synthesis and Resolution

Our initial strategy involved the synthesis of ligaB0 via
selective cross-coupling of 1,3-dichloroisoquinelin and
arylboronic acid followed by a cross-coupling with arylboronic

Miyaura cross-coupling between aryl chloriél@nd arylboronic
acid 36 (Scheme 9). The synthesis of intermedi&® was
completed by a similar coupling of aryl chlori@8 and boronic
acid32. As with the analogous aryl chloride used in theltsysis
of ligands7 and8, this compound reacted to produce the desired
compound in only a moderate yield of 40% even urideging
conditions of DMF at 110 °C. Attempts to offset thgsor
reactivity by the use of XPho4%) were unsuccessful due to its
poor selectivity in the cross-coupling reaction.eThresulting
compound33 was then dibrominated to yield compou#d in
near quantitative yield. This compound was subsdtyuen
converted to aldehyd®4 in a very disappointing 12% yield.

Due to the moderate yield of the cross-coupliegction and
the poor yield in the synthesis of the aldeh@dewe decided to
investigate an alternative approach, by functiairadj the methyl
substituent on the naphthyl ring prior to crossgimg. The 2-
bromo-biaryl 42 was synthesised in 72% yield in an identical
manner to its 3-chloro substituted analo@feas we envisage
that the aryl bromidé2 would be more reactive in the proposed
Suzuki-Miyaura cross-coupling than aryl chlori@®. To this
end, the synthetic strategy (Scheme 10) was dewelegeere
compound#3 and44 are key intermediates.



Scheme 9Synthesis of aldehyd#t

B(OH),

Me

36

Bu

oo
Pd(PPhs),(cat.), CsF =N
e

cl DME, 90°C, 2d OO

81%
Cl 35

Pd(PPhy)y(cat ), NapCO3
TR T

DMF, 110°C, 2d
40%

.
N Me HoyB c

N

Cl

Me
NBS, (BzO),
R,
CCly, hv, A, 18 h
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A Al

EtOH/THF, 80°C, 1h
12%

99%

The synthesis 043 and44 was achieved following an identical
procedure to that previously described for aldehygié
Dibromination of35 was completed in 96% yield, followed by
conversion of the dibromidé5 to aldehydet3in 65% vyield. The
related 3-bromo derivativd6 was synthesized in 97% yield

whilst the aldehydé4 was prepared in 68% yield. The Suzuki-

Miyaura cross-coupling of compound3 proceeded in a
moderate yield of 50% whereas the brominated dévievat4
gave the desired product in an improved yield o$67The
resulting aryl etheB34 was demethylated using HBr/AcOH to
afford the desired phendl7 in 67% yield. The synthesis was
completed by reduction of the aldehyde to givedbsired ligand
30in 92% yield.

Scheme 10Synthesis of ligan80

ZN _AGNOIH0 _
CHBr2  EtOHITHF, 80 uc 1h
X =Cl, 65%

45X =Cl
46; X = Br

N _NBS, (B20);
Me CCly hv, A, 18 h
X =Cl, 96%

X =Br, 97%
35, X =Cl

42; X = Br

_N
CHO

43, X=Cl
44, X =Br

X =Br, 68%

32

Pd(PPha)y(cat ), Cs,CO5

ST, e
DMF, 110°C, 18 h

50%, X =Cl
67%, X = Br

HBr, AcOH

140°C, 2h
67%

THF/EtOH E R=CHO, 47
NaBH4/H,0, 1t, 1 h R = CH,0H, 30
92%

Various attempts at resolving ligaB@ via complexation with
N-benzylcinchonidinium chloride 16 were unsuccessful.
Fortunately, ligand30 proved resolvablevia chiral semi-
preparative HPLC. The absolute configuration of dij80 was
assigned tentatively based on analogy between gms sif the
optical rotation of both hands of ligar3® with the sign of the
optical rotation of theR)- and §)-enantiomers of Baker’s ligand
3L

Racemisation Study

The racemisation study of pher8® was first attempted using
the same procedure as outlined for the first twaris7 and8.
Interestingly, even at 120C overnight no racemisation was
observed. By increasing the temperature to kB0however, the
enantioenriched ligand began to racemise at areajgile rate.
Due to the high barrier to rotation about the chiaais of

compound30 at 180C it is evident that its racemisation at room

temperature would be exceedingly slow. It was theeeflacided
not to examine the racemisation 30 at other, higher than 180

5
°C temperatures. By making a simple approximatit®’ € 0),
it is possible to estimate the Gibbs free energytlits ligand,
which is calculated adAG" = 164.6 kinol". The half-life to
racemisation at room temperature may be estimas@e uthis
value to be around 777 million years!

Diethylzinc Addition

Scheme 11.General scheme for the addition of diethylzinc to
benzaldehyde

o OH

©)kH + zop, 80r30,1-10 malk ©)v

0 to -20 °C, toluene
a7

In order to study the effectiveness of the two @ass ligands
(8 and 30), they were employed initially in the diethylzinc
addition to benzaldehyde (Scheme 1A number of factors
influencing the effectiveness of both ligands wefeinterest,
including the catalyst loading and the reactiongerature (Table
5).

Table 5 Diethylzinc addition to benzaldehyde catalysed by
ligands8 and30

Entry Temp Ligand (%)Olof Zflei{c; ee of Config
(°C) ligand () 47 )
1 -20 S(8) 10 50 0 -
2 -20 S(8) 5 60 0 -
3 -20 S(8) 1 60 0 -
4 -20 S(30) 10 85 98 S
5 -20 S(30) 5 99 >99 S
6 -20 S(30) 1 99 99 S
™ 0 R-(30) 5 98 98 R
8 rt S(30) 0.1 99 91 S
9 rt S(30)  0.0001 91 0 -

3All reactions carried out in toluene for 40 to 45 onfiguration
assigned by comparison with literature values. Hoareric excesses
were determined using chiral HPLC.

Unlike ligand 8, the related ligan@0 gave excellent results
even at 1 mol%. At -20C, the catalyst loading was varied from
10 mol% to 1 mol%, with excellent enantioselectestin each
case (entries 4-6). Even at 0.1 mol% the liganddypees the
desired alcohol in nearly quantitative yield witte tbnantiomeric
excess reduced to 91% (entry 8). At@with 5 mol% of30, the
yield and enantiomeric excess were 98% (entry 7§ décrease
of enantiomeric excess to 91% in the case of the rol%
reaction at room temperature may be due to conmetietween
the background process and the catalytic asymngditioway. It
is known that at 0C this non-catalytic pathway is “shut down”
although at room temperature it may be active. $higgestion is
reinforced when only 0.001 mol% of the ligand was kygd at
room temperature. In this instance the desired halcds
produced in 91% yield but without asymmetric indoti entry
9. By analogy to the mechanism outlined ®rit may be
reasoned that the incorporation of a methylene pitnits the
formation of a rigid tridentate monomeric compleixtioe form
48, Figure 11.
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increasing the -catalyst loading gave higher vyieldd a
enantiomeric excess (99 and 98%ee, respectivaiyies 8 and

9. trans-Cinnamaldehydes2, gave both high yield (86%) and
enantiomeric excess (88%). For the more electrdmgubstrates,
4-methoxybenzaldehydeb4 and ferrocenealdehydé3, the
enantioselectivities dropped to 70% and 82% egexively,
enties 5 and 6. Interestingly, the electron poor

as pentafluorobenzaldehydss, entry 7, gave the desired product in
a moderate yield of 60% and an enantiomeric exaE82%. The
Figure 11. Tridentate monomeric comple8 aliphatic aldehyde 3-phenylpropan&b, entry 10. gave the

_ ) product in a good yield of 81% and an excellentnépaneric

As a result of the effectiveness 80 at low loadings and low  excess of 97%. This is quite an impressive resnttesaliphatic

temperature we decided to perform a substrate dwppariation  aldehydes generally give poorer levels of enanignsigities in

of the aldehydic substratesi%57), Table 6. The isomeric the diethylzinc addition. The propargyl aldehy8@ entry 2,
naphthaldehydes49 and 50, entries 1 and 2, and 4- gave an excellent vyield of product albeit with poor

chlorobenzaldehyd®1, entry 3 gave good yields and excellent enantioselectivity (20 %ee). This is not uncommon linear

enantioselectivities (95-98 %ee). In the case pafihthaldehyde aidehydes where differentiation between the two éotapic
49 and 4-chlorobenzaldehyds, lowering the temperature, and faces of the aldehyde is difficult.

Table 6 Diethylzinc addition to various aldehydes catalybg®0

Entry Aldehyde Ligand Time (h) Yield (%) ee (%) Gion
1 1-naphthaldehydel9) (9-30 36 74 95 S
2 2-naphthaldehyd&0Q) (9-30 36 95 98 S
3 4-chlorobenzaldehyd&7) (9-30 40 65 95 S
4 trans-cinnamaldehydes@) (9-30 36 86 88 S
5be ferrocenealdehyd&3) (R-30 40 65 82 R
6 4-methoxybenzaldehydB4) (R)-30 40 82 70 R
7° pentafluorobenzaldehydB5) (R)-30 40 60 62 R
8! 1-naphthaldehydet@) (R)-30 48 91 99 R
9! 4-chlorobenzaldehyd&?) (R)-30 48 99 98 R

10 3-phenylpropanabg) (R-30 48 81 97 R
11¢ phenylpropargyl aldehyd&T) (R)-30 48 90 20 R

All reactions carried out in toluene with 1mol%3f, at 0°C. Enantiomeric excess determined by HPLC analysiisg an OD or OD-H chiralcel column.
PEnantiomeric excess determined using an AD chikatpsiumn. “No literature values for configuration availabledaproduct configuration assigned by
analogy to other aryl aldehydéReactions carried out with 2 mol% ®® at -20 °C.

Conclusion graphs. Ligand8 was applied in the diethylzinc addition to
benzaldehyde to produce the secondary alcohol henade yield
but without asymmetric induction. In contrast, thplécation of
ligand 30 in the diethylzinc addition to benzaldehyde was
investigated and afforded the desired alcohol icebent yield
with near perfect enantioselectivities at low catalgsmdings.
Ligand 30 was also applied in the diethylzinc addition to a
variety of other aldehydes, providing the desiretondary
alcohols in good yields with moderate to excellerargiopurity.

The synthesis and resolution of three tridentaganids has
been described. All three ligands were synthesizeimhgus
selective, successive Suzuki-Miyaura cross-couplieactions.
Resolution was achieved by a range of techniquekidimy
molecular complexation for ligandas well as conversion of the
ligand to its epimeric camphor sulfonates as indh®e of ligand
8. Ligands8 and 30 were also resolvedia semi-preparative
HPLC. The barrier to racemisation about the chira$ @f the
three ligands was investigateda racemisation studies and Experimental Section
Arrhenius and Eyring plots were graphed. The hadf-lib

. All commercially available solvents were purified added
racemisation at room temperature was extrapolateh these y p

before use. Diethyl ether and tetrahydrofuran weéstdldd from



sodium/benzophenone and dichloromethane was distitiem
calcium hydride. Ammonium hydroxide was purchased 28%
solution of NH in H,O. 1-Bromo-2-methylnaphthalene was
purchased as 90% technical grade and was used witrgut
further purification. Where necessary other solsetd reagents
used were purified according to known proceddte8MF and
DME were degassed using three freeze-thaw cycles foriose.
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was added and the suspension was allowed stir fatteful h.
The reaction mixture was evaporatetch vacuo and
dichloromethane (100 mL) was added. The organicrlayes
separated, and the aqueous layer was washed with
dichloromethane (4 x 50 mL). The combined organitraets
were dried over MgSpand filtered. The solvent was removed
in vacuo to give a brown solid, which was stirred in pentane

Oxygen-free nitrogen was obtained from BOC gases.hFlasovernight producing the title compourid (8.04 g, 86%) as a

chromatography was performed using Merck Kiesel@el/rt.
9385) and aluminium oxide 90, standardised (agtivitlll).
Merck precoated Kieselgel 6@F and alumina (neutral, type E)
were used for thin layer chromatography. High-resofutnass
spectrometry (HRMS) measurements are valid to +5.ppm

1,3-Dichloroisoquinoline (9)
Method 1

Phenylphosphonic dichloride (7.0 mL, 48 mmol) waslexti
drop-wise with stirring to homophthalimide (0.94 g8 3nmol).
The mixture was then heated to I’8for 2 h during which time
the initial aggregate turned to a dark brown sotutithe solution
was allowed to cool and water (35 mivps added drop-wise
[Caution!] with stirring. Diethyl ether (50 mL) was added and
the organic layer was separated. The aqueous layeexteacted
with diethyl ether (3 x 30 mL). The ether layers eveombined,
washed with 1 M NaOH (2 x 20 mL), water (20 mL), bri2@ (
mL), dried over MgSQ filtered and evaporatad vacuo to yield
the title compound® as an off-white solid (0.91 g, 79%) R
0.70, (CHCL,); m.p. 121-123°C (lit.** 120-121°C); 'H NMR
(300 MHz; CDC}) & = 8.27 (dd, 1H,); = 8.4 Hz,J, = 0.9 Hz),
7.77-7.75 (m, 2H), 7.69-7.64 (m, 2H}’C NMR (75 MHz;
CDCly) 151.1 (4), 143.3 (4), 139.4 (&), 132.4, 129.0, 126.8,
126.5, 125.9 (3, 120.0; IR (KBNvmnax2918, 1553, and 746 ¢n

Method 2

white powder. m.p. 116-11% (lit."* m.p. 117-119C); '"H NMR
(300 MHz; ¢-DMSO) & = 8.27 (s, 2H, B(OH), 7.89-7.81 (m,
2H), 7.69 (d, 1HJ = 8.3 Hz), 7.44-7.28 (m, 3H), and 3.85 (s,
OCHs); *C NMR (75 MHz; ¢-DMSO) 159.0 (8), 136.2 (4),
129.8, 128.9 (3, 128.4, 127.8 (2C), 126.3, 123.5, 114.1, 56.6
(OMe); IR (KBr) Vimax 3350, 1589, 1512, 1333, 1244, and 1063
cmt.

Method 2*°

n-Butyllithium (7.0 mL, 2.5 M in hexanes, 18 mmol) sva
added dropwise to a stirred solution of 1-bromo-2-
methoxynaphthalene (3.78 g, 15.9 mmol) in diyOEt60 mL) at
-78 °C under an atmosphere of nitrogen. The solution was
warmed to room temperature and stirred for 1 h. rAftés time,
the flask was re-cooled to -78 and trimethylborate (2.3 mL, 21
mmol) was added drop-wise. The mixture was allowed warm
room temperature overnight (18 h) under nitrogevi. HCI (50
mL) was added dropwise and the solution was stirerdah
additional 1 h. The reaction mixture was evaporategcuo and
extracted with dichloromethane (3 x 30 mL). The comabd
organic layers were washed with brine (30 mL) anddddeer
Na,SO,. The solution was filtered and concentratedracuo to
produce a light brown solid that was stirred in peatéor 2 h,
filtered and driedn vacuo to give the title compoundlO (2.64 g,
82%) as an off-white powder which was identical taevpusly
prepared sample.

To homophthalic acid (12.50 g, 69.4 mmol) was addedd-Chloro-1-(2-methoxynaphthalen-1-yl)isoquinoline (11)*°

ammonium hydroxide (15.8 mL, 0.16 mol). This mixuvas
vacuum distilled until a brown solid remained andrttheated
gently at normal pressure with a Bunsen burner amtibrange
oil resulted. The flask was allowed to cool and pl@mysphonic
dichloride (30 mL, 0.21 mol) was added and the métueated

to 160 °C for 3 h after which time the resultant solution was

cooled and poured onto ice wat€aution!]. The solution was
extracted with dichloromethane (3 x 100 mL) and ¢hganic

layer was washed sequentially with 20% NaOH (2 x 50 mL)

water (50 mL), brine (50 mL), and then dried overS@g The
organic layer was filtered and evaporatadvacuo to yield the
crude product which was purified by column chromeapdy
over silica gel (CECI,) to give the title compoun® (10.3 g,
75%), which was identical to a sample prepared agugrtb
method 1.

2-Methoxy-1-naphthal eneboronic acid (10)
Method 1

Magnesium (5.00 g, 0.21 mol) was activated by hgatind
stirring in vacuo for 1 h at 8C°C after which time it was allowed
to cool to room temperature. Dry THF (20 mL) wasedidnder
an atmosphere of nitrogen.
methoxynaphthalene (10.9 g, 46.3 mmol) in THF was thdded

A solution of 1-bromo-2-

1,3-Dichloroisoquinoline® (6.85 g, 34.6 mmol) was added to
a dry Schlenk tube under nitrogen followed by PdgRRR.00 g,
0.73 mmol) and stirred under vacuum. Anhydrous, sieemh
DME (150 mL) was added and the mixture was stirradlfo
min. Arylboronic acid 10) (7.00 g, 34.6 mmol), dissolved in the
minimum amount of degassed ethanol (50 mL), was #usled.
Sodium carbonate solution (35 mL, 2 M) was addedi amwhite
precipitate was formed instantly. The yellow mixtuveas
refluxed at 90 °C for 5 d. The reaction mixture veasled to
room temperature and water (100 mL) and dichloroareth100
mL) were added. The organic layer was separated and
concentratedn vacuo to give a brown oil which was re-dissolved
in dichloromethane (100 mL), washed with water (50 ,nhicjne
(30 mL), and then dried over Mg$OThe solution was filtered
and evaporateth vacuo to give a dark brown solid which was
stirred in diethyl ether (50 mL) for 1 h and fikekr to give the
titte compoundl1l as an off-white solid (9.5 g, 86%). This
material was used without any further purification=R.30, 2:1
(CH,Cl:pentane); m.p. 172-17% (lit.** m.p. 159-16C°C); 'H
NMR (300 MHz; CDC}) & = 8.00 (d, 1H,) = 8.9 Hz), 7.86-7.81
(m, 3H), 7.66 (dd, 1H}, = 6.9 Hz,J, = 1.3 Hz), 7.48 (d, 1H] =
8.5 Hz), 7.42-7.24 (m, 4H), 7.04 (d, 1H, 8.1 Hz), 3(63H,
OCHy); ®C NMR (75 MHz; CDCJ) 159.10 (4), 154.9 (4),

slowly via cannula to give a black suspension. The mixturs wal45.1 (4), 138.3 (4), 133.6 (4), 131.1, 130.9, 129.0 (% 128.0,

heated with a heat gun at regular intervals durhmg addition
period. The solution was then allowed to stir for Jathroom
temperature. The resulting mixture was added slovelycannula
to a solution of triisopropylborate (14.6 mL, 63rBnol) in THF
(20 mL) at -78°C. The reaction mixture was allowed to warm to
room temperature while stirring overnight (18 h).t&/g40 mL)

127.7, 127.3, 127.01 (4 127.02, 126.1, 124.6, 123.8, 120.6
(4°), 119.3, 113.3, 56.5 (OMe); IR (KB} 1621, 1576, 1547,
1510, 1264, and 1069 é&m HRMS (ES): calculated mass
320.0842, found 320.0840;,¢,,CINO: calculated C, 75.12; H,
4.41; N, 4.38, found, C, 75.12; H, 4.44; N, 4.28
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2-Methoxyphenylboronic acid (14) gel (CHCI,) to yield the title compound2 (0.40 g, 55%) as a
Method 1 white solid. R= 0.40, (CHCI,); m.p. 146-148C; 'H NMR (300
MHz; CDCL) & = 8.28 (s, 1H, B, 8.00-7.91 (m, 3H), 7.85 (d,
Magnesium (5.30 g, 0.22 mol), was activated by hgatind  1H,J=7.7 Hz), 7.62 (app t, 1H,= 7.9 Hz), 7.50 (d, 1H] = 8.3
stirring under nitrogen for 1 h at € after which time it was Hz), 7.42 (d, 1H, 9.0 Hz), 7.36-7.23 (m, 5H), 7.03 (§#H,J =
allowed to cool to room temperature and dry THF (80 was 7.5 Hz), 3.92 (s, 3H), 3.76 (s, 3HJC NMR (75 MHz; CDC})
added. A solution of 2-bromoanisole (5.0 mL, 42 mmoldry ~ 157.4 (4), 157.2 (4), 154.9 (4), 149.0 (4), 136.7 (4), 134.1
THF (50 mL) was added slowlyia syringe to give a black (4°), 131.9, 130.3, 129.9, 129.6°f4 129.3(2C), 127.9, 127.5
suspension. The solution was allowed to stir for athroom  (4°), 127.4, 127.3, 126.8, 126.6, 125.3, 123.6, 122§ 121.1,
temperature. The reaction mixture was then addedahgloia  120.7, 113.8, 111.4, 56.8 (OMe), 55.7 (OMe); IR (KBax
cannula filtration, to a solution of trisopropyltate (15 mL, 43 1621, 1598, 1267, 1250, 1023, and 760 'cHRMS (ES):
mmol) in THF (15 mL) at -78C. The reaction mixture was calculated for GH;NO, 392.1651; found, 392.1667,
allowed to warm to room temperature while stirring roight ~ CxH1NO,: calculated C, 82.84; H, 5.41; N, 3.58, found, C,
(18 h). Water (60 mL) was added and the suspension wé#2.60; H, 5.43; N, 3.48.
allowed to stir for a further 1 h. The reaction tabe was Method 22/
evaporatedn vacuo and dichloromethane (100 mL) was added.
The organic layer was separated, and the aqueoes Vags Biaryl 11 (320 mg, 1.00 mmol) was added to a dry Schlenk
extracted with dichloromethane (4 x 50 mL). The covad  tube under nitrogen followed by Pd(RRH58 mg, 50umol) and
organic extracts were dried over MgsS&hd filtered. The solvent  stirred under vacuum. Anhydrous, degassed DMF (10 wds
was removedn vacuo to give a light green solid, which was added under nitrogen and the mixture was heated t&C5to
stirred in pentane producing the title compodAdd4.40 g, 69%) form a yellow solution. Arylboronic aci#él4 (0.167 g, 1.1 mmol)
as a white powder. m.p. 109-1PC; 'H NMR (300 MHz; and CsCO; (489 mg, 1.50 mmol) were then added sequentially
CDCly) & = 7.87 (dd, 1HJ, = 7.4 Hz,J, = 1.9 Hz), 7.45 (ddd, and the mixture heated to 10C for 39 h. The mixture was
1H,J, =11.7 HzJ, = 45 Hz,J; = 2.5 Hz), 7.03 (app t, 1H,= cooled to room temperature and water (10 mL) anthdiether
7.2 Hz), 6.91 (d, 1HJ) = 8.4 Hz), 6.63 (s, 2H, B(OK)) 3.90 (s, (30 mL) were added. The organic layer was extracted a
3H, OCH); BC NMR (75 MHz; CDC})) 164.5 (4), 136.9, 132.9, concentratedn vacuo to give a brown oil which was re-dissolved
121.3, 110.0, 55.5 (OMe); IR (KBV),4,3384, 1601, 1412, 1229, in diethyl ether (30 mL), washed with water (20 mhjine (20
1164, 1055, 1024, 756, and 658'tm mL), and then dried over MgSOThe solution was filtered and
Method 2 evaporatedn vacuo to give a dark brown oil. The oil was then
purified by column chromatography over silica géHCl,) to
n-Butyllithium (10.6 mL, 2.5 M in hexanes, 26.5 mmakas  Yield the title compoundl2 (0.175 g, 45%) as a white solid
added drop-wise to a stirred solution of 2-bromazlei$3.0 mL,  which was identical to a previously prepared sample.
24 mmol) in dry diethyl ether (20 mL) at -7& under an Method 32
atmosphere of nitrogen. The solution was warmed 1€ @nd
stirred for 1 h after which time it was re-cooled-#® °C and Biaryl 11 (0.20 g, 0.63 mmol), Pd(OAc)2.8 mg, 1.3umol),
trimethylborate (3.5 mL, 31 mmol) was added dropewishe  XPhos (11.9 mg, 3umol), 14 (0.19 g, 1.25 mmol) and RO,
mixture was allowed to warm to room temperature oghtngl8  (0.40 g, 1.88 mmol) were placed in a 20 mL Schlefdetwhich
h) under nitrogen. 1 M HCI (30 mL) was added drop-wdsel  was then evacuated and backfilled with nitrogen. Triscess
the solution was stirred for 1 h. The reaction nmietwas was repeated an additional two times. Dry THF (1.5 ms
evaporatedn vacuo and then extracted with dichloromethane (3added and the mixture was heated overnight (18 ) stitring
x 30 mL). The combined organic layers were washel tiiine  at 80°C. Water (5 mL) and ethyl acetate (20 mL) were aduetl
(20 mL) and dried over N&0O,. The solution was filtered and the phases were separated and the aqueous layerxinasesl
evaporatedn vacuo to produce a light green solid. The solid waswith additional portions of ethyl acetate (3 x 5 mljhe
stirred in pentane for 2 h, filtered and the resglivhite powder combined organic layers were washed with brine (20 arigd
was driedin vacuo to give the title compountl4 (2.25 g, 69%), dried over NSO, filtered and evaporated under reduced
which was identical to a previously prepared sample. pressure to yield the crude product which was purifig column
. o chromatography over silica gel (5:1, pentane:EtOAgji¢ld the
(1i(2§-MethoxynaphthaIen-1-y|)-3-(2-n‘ethoxypheny|)|soqwnollne title compound12 (234 mg, 96%) as a white solid which was
identical to a previously prepared sample.
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Method 1 1,3-Bis-(2-methoxynaphthal en-1-yl)isoquinoline (13)

Biaryl 11 (0.60 g, 1.88 mmol) was added to a dry SChIenkMethodl
tube under nitrogen followed by Pd(RRH0.143 g, 0.124 mmol)
and stirred under vacuum. Anhydrous, degassed DMAT({2D Biaryl 11 (0.32 g, 1 mmol) was added to a dry Schlenk tube
was added under nitrogen and the mixture was sfioret>5 min.  under nitrogen followed by Pd(PHh (58 mg, 50umol) and
Arylboronic acid 14 (286 mg, 1.88 mmol), dissolved in the stirred under vacuum. Anhydrous, degassed DMF (10 wdg
minimum amount of degassed ethanol (3 mL), was themadded under nitrogen and the mixture was heatedb teC5to
transferred to the Schlenk tube. Sodium carborfagerfiL, 2 M)  form a yellow solution. Arylboronic acidlO (0.17 g, 1.1 mmol)
was added and the mixture was heated at 110 °C tbrThe and CsCO; (0.49 g, 1.5 mmol) were then added sequentially to
mixture was cooled to room temperature and watemr{BPand  the Schlenk tube and the mixture was heated to°COr 39 h.
diethyl ether (50 mL) were added. The organic layems The mixture was cooled to room temperature and watemL)
separated and concentratiedvacuo to give a brown oil which and diethyl ether (30 mL) were added. The organyerlavas
was re-dissolved in diethyl ether (50 mL), washed wititer (20  extracted and concentratéu vacuo to give a brown oil which
mL), brine (20 mL), and then dried over MgsSQhe solution  was re-dissolved in diethyl ether (30 mL), washed wittier (20
was filtered and concentratéa vacuo to give a dark brown oil mL), brine (20 mL), and then dried over MgSQhe solution
which was then purified by column chromatography csitca  was filtered and evaporated vacuo to give a dark brown oil.



The oil was purified by column chromatography owéica gel
(CH,CI,) to yield the title compound3 (0.175 g, 45%) as a
white solid. R= 0.20, (3:1 pentane:EtOAgj.p. 208-210C; *H
NMR (300 MHz; CDC}) & = 7.97-7.75 (m, 6H), 7.71-7.65 (m,
2H), 7.59 (d, 1HJ = 8.3 Hz), 7.43-7.25 (m, 8H), 3.86 (s, 3H),
3.81 (s, 3H):**C NMR (75 MHz; CDCJ) 157.8, 155.1, 154.7,
148.8, 136.8, 134.1, 133.9, 130.3, 130.1, 129.8.3,2129.2,
127.9, 127.8, 127.6, 127.4, 127.2, 127.1, 126.6.412125.3,
125.2, 124.9, 123.6, 123.5, 122.5, 122.4, 114.3.9157.1
(OMe), 56.9 (OMe); IR (KBr)v,ax 1621, 1593, 1511, 1268,
1251, 1084, 807, and 748 ¢mHRMS (ES): calculated for
C;;H»3NO,, 442.1807, found 442.18213l,5NO,: calculated C,
84.33: H, 5.25; N, 3.17, found, C, 83.83; H, 5.17; N33

Method 2

Biaryl 11 (0.20 g, 0.63 mmol), Pd(OAc)2.8 mg, 1.3umol),
XPhos (11.9 mg, 3umol), 10 (0.253 g, 1.25 mmol) and;RO,
(0.40 g, 1.9 mmol) were placed in a 20 mL Schleridetwhich
was then evacuated and backfilled with nitrogen. Triscess
was repeated an additional two times. Dry THF (1.5 mis
added and the mixture was heated overnight (18 Hy stitring
at 80°C. Water (5 mL) and ethyl acetate (30 mL) were aduetl
the organic layer was separated. The aqueous layeexteacted
with ethyl acetate (3 x 5 mL) and the combined oigdeayers
were washed with brine (20 mL) and dried oven,®@. The
organic layer was filtered and concentratedacuo to yield the
crude product which was purified by column chromeapdy
over silica gel (CHCI,) to yield the title compound3 (0.236 g,
86%) as a white solid which was identical to a presip
prepared sample.

1-[ 3-(2-Hydroxyphenyl )isoquinolin-1-yl] naphthalen-2-ol (7)*°

Aryl ether 12 (0.13 g, 0.33 mmol) was placed in a 20 mL
Schlenk tube, 48% HBr (1.2 mL) and acetic acid ¢hl5 were
added sequentially and the resultant solution waseleto 140
°C overnight (18 h). The Schlenk tube was alloweddol and
water (5 mL) was added followed by dichloromethane r(20.
The organic layer was separated and the aqueous Vea®
washed with dichloromethane (2 x 5 mL). The combioeginic
layers were washed with brine (10 mL) and dried oveiSi9a
The organic layer was filtered and evapordtedacuo to yield
the crude product which was purified by column chrageaphy
over silica gel (3:1 pentane:EtOAc) to yield théettompound’
(0.10 g, 83%) as a yellow solid; R 0.20, (3:1 pentane:EtOAc);
m.p. 223-227C; 'H NMR (300 MHz; CDCY)) & = 8.67 (s, 1H,
H,), 8.19 (d, 2H,) = 8.1), 8.07-7.94 (m, 2H), 7.82 (app t, 1H;
7.0 Hz), 7.62 (d, 1HJ) = 8.4 Hz), 7.55-7.44 (m, 2H), 7.37-7.25
(m, 3H), 7.09 (d, 1HJ = 8.0 Hz), 6.97 (app t, 1H,= 7.3 Hz),
6.86 (d, 1H,J = 8.3 Hz);®*C NMR (75 MHz; CDC}) 159.6,
155.5, 152.9, 150.9, 137.9, 133.8, 131.4, 130.8.713128.7,
128.2, 127.7, 127.6, 127.5, 127.3, 127.0, 126.8.9,2123.2,
119.8, 118.9, 118.4, 118.2, 117.4, 115.4; IR (KBp), 3246,
2925, 1591, 1505, 1436, 1348, 1262, 883, 816, &&lcm’;
HRMS (ES): calcd. for GsH1,NO,, 364.1338, found 364.1347;
CysHy/NO,: calculated C, 82.63; H, 4.72; N, 3.85, found C,
82.22: H, 4.75; N, 3.90; HPLC OD-H Column, 1 ml/min, BD:
pentane:lPA, 40C, |(R) = 7.3 min, (S = 11.7 min.

1,3-Bis-(2-hydroxynaphthal en-1-yl)-isoquinoline (8)
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washed with brine (10 mL) and dried over,8@,. The organic
layer was filtered and evaporatéd vacuo to yield the crude
product which was purified by column chromatographsero
silica gel (5:1 pentane:EtOAc) to yield the title quound8 (111
mg, 91%) as a yellow solid;R 0.20, (3:1 pentane:EtOAc); m.p.
226-228°C; 'H NMR (300 MHz; CDC}) 5= 8.37 (d, 1HJ = 8.6
Hz), 8.27 (s, 1H, H4), 7.98 (d, 1H,= 8.2 Hz), 7.86-7.70 (m,
5H), 7.63 (d, 1H, = 8.4 Hz), 7.52-7.16 (m, 8H}°C NMR (75
MHz; CDCL) 156.1 (4), 154.7 (&), 152.4 (4), 148.9 (4), 137.7
(4°), 133.1 (4), 131.9 (4), 131.5, 131.3, 131.2, 129.5°j4
128.84 (4), 128.81, 128.3, 128.1, 127.8, 127.6, 127.04,0®7.
126.8 (4), 124.7, 123.8, 123.6, 123.2, 122.7, 119.5, 11815%,3
(4°), 115.7 (4); IR (KBr) Vmax 3222, 1620, 1589, 1494, 1436,
1346, 1262, 1242, 882, 816, 756, and 738 ChiRMS (ES):
calculated for GH;gNO,, 414.1494, found 414.1512;
CygH1oNO,: calculated C, 84.24; H, 4.63; N, 3.39, found C,
83.75; H, 4.69; N, 3.31; HPLC AD semi-preparative colushid
mL/min, pentane:IPA 70:30, 4C, (S 8.7 min, §(R) 14.0 min.

Resolution of
yl] naphthalen-2-ol (7)*

1-[ 3-(2-hydroxyphenyl)isoquinolin-1-

Racemic biaryl7 (93 mg, 0.26 mmol) was placed in a 50 mL
flask and acetone (2 mL) was added, followed Ny
benzylcinchonidinium chloridel6 (54 mg, 0.19 mmol). The
mixture was allowed to stir overnight (18 h) at rommperature
producing a white precipitateR(-(+)-7-16 The precipitate was
filtered, washed with acetone and then stirred in M 3
HCI/EtOAc biphasic mixture (10 mL) until all the prpitate had
dissolved. The organic layer was then separated, edaslith
brine (5 mL), dried over N&Q,, filtered and evaporateth
vacuo to yield R)-(+)-7 (33.5 mg, 36% yield, 90% ee). The
mother liquor was worked up in an identical manneyietd (S)-
(-)-7 (52.1 mg, 56% vyield, 88% ee). This entire process
repeated with enantioenrich&do yield ®)-(+)-7 and §)-(-)-7 in
98% and 99% ee respectivety, = (R) +48.0, § —47.0, (CHCJ,
c=1.0); HPLC AD semi-preparative column, 4.7 ml/min,
pentane:lPA, 70:30, 4TC t(S = 8.7 min, &R) = 14.0 min.

Epimeric bis(sulfonates) (R,,.S9-18 and (S, S9-18*"

To a solution of diol8 (100 mg, 0.242 mmol) in dry
dichloromethane (2 mL) was added dry triethylamiBé |iL,
0.61 mmol) at 0°C. After 15 min at this temperature
camphorsulfonyl chloride (151 mg, 0.61 mmol) waseatdnd
the resultant solution was allowed to warm to roompemture
with stirring overnight (18 h). Water (5 mL) was addend the
reaction mixture was extracted with dichloromethaBex(10
mL). The combined extracts were washed with brine r(ilQ,
dried over NgSQ,, filtered and evaporated vacuo. This crude
material was purified by column chromatography csiéca gel
(5:1 to 1:1 pentane:EtOAc) to yield a mixture of #@imeric
bis(sulfonates)18 (190 mg, 93%). The epimers were separated
by column chromatography over silica gel (pentat@A€ 3:1)
to afford four main fractions, the yields and désbmeric
excesses for which are shown in Table 2.

Biaryl 13 (0.13 g, 0.29 mmol) was placed in a 20 mL Schlenk

tube. To this were added 8% HBr (1.1 mL) and acetid é1.5
mL) and the resultant solution heated to 1@Covernight (18 h).
The resulting mixture was allowed to cool and watem(§ was
added followed by dichloromethane (20 mL). The orgdayer
was separated and the aqueous layer was washed
dichloromethane (2 x 5 mL). The combined organyeta were

W

Table 2. Yields and diastereomeric excesses ®SS)-18
,arr]ld R.S9-18
it



10
Fraction Yield (%) de (%)
1 17 98 6§,59-18
2 24 79 §,S9-18
3 14 84 R.S9-18
4 21 95 R.,S9-18

#Absolute configuration was tentatively assignedamalogy between
the sign of the optical rotation o8)¢(-)-7 and (-)8 which was obtained
from fraction 1 by removal of the auxiliaries.

(5.59-18

Rf = 0.20, (3:1 pentane-EtOAc); m.p. 240-243 "H NMR (300
MHz; CDCL) & = 8.10-7.88 (m, 7H), 7.81-7.71 (m, 3H), 7.52-
7.32 (m, 7H), 3.59-3.45 (m, 2H), 2.99 (d, 1Hs 12.7 Hz), 2.63
(d, 1H,J = 13.9 Hz), 2.26-2.02 (m, 4H), 1.96-1.72 (m, 6H)1%.4
1.23 (m, 4H), 0.61 (s, 3H), 0.46 (s, 3H), 0.32 (s, 3HDP7 (s,
3H); °C NMR (125 MHz; CDCJ)) 213.6, 213.3, 156.1, 147.3,
146.0, 145.4, 136.7, 133.7, 133.6, 132.4, 132.1,.11,3130.9,
130.5, 130.4, 128.5, 128.3, 128.3, 128.0, 127.9),(227.8,
127.7, 127.6, 127.5, 126.6, 126.5, 126.4, 123.9.6,2114.3,
58.1, 57.9, 48.5 (2C) (Gh 47.9, 47.8, 43.0 (CHi 42.9 (CH),
42.6, 42.5, 27.0 (2C) (CHi 25.4 (CH), 25.2 (CH), 19.5 (CH),
19.4 (CH), 19.4 (CH), 19.2 (CH); HPLC AD semi-prep
column, 4.7 ml/min, 80:20 Pentane:IPA, 4D, iy = 22.7 min;ap
=+ 80.0 (CHCJ, c=1.0); IR (KBr)vm 2958, 1747, 1371, 1169,
955, 823 and 754 cm HRMS (ES): calculated for
CugHiNOgS,, 842.2821, found 842.2833; ,dE,/NOgS,:
calculated C, 69.89; H, 5.63; N, 1.66, found C, 69t235.73; N,
1.54.

(R.S9-18

Rf = 0.20, (3:1 pentane-EtOAc); m.p. 145-180; 'H NMR
(500 MHz; CDC}) 6 = 8.10 (s, 1H), 8.02 (dd, 2H; = 9.2 Hz,J,
= 4.8 Hz), 7.94 (app t, 2H,= 8.9 Hz), 7.89 (dd, 1Hl, = 6.0 Hz,
J, = 3.2 Hz), 7.81 (d, 1H] = 8.9 Hz), 7.74 (dt, 2HJ, = 12.0 Hz,
J,=7.0 Hz,J; = 3.0 Hz), 7.56 (d, 1H] = 8.6 Hz), 7.51-7.48 (m,
4H), 7.40 (dd, 2H,)); = 14.9 Hz,J, = 8.6 Hz), 3.55 (d, 1H] =
14.2 Hz), 3.12 (d, 1H) = 14.9 Hz), 2.97 (d, 1H] = 14.6 Hz),
2.86 (d, 1HJ = 14.0 Hz), 2.24-2.12 (m, 3H), 1.98-1.73 (m, 7H),
1.33-1.22 (m, 4H), 0.84 (s, 3H), 0.73 (s, 3H), 0.453H), 0.33
(s, 3H);*C NMR (125 MHz; CDCJ) 213.6, 213.2, 156.0, 147.1,
145.9, 145.3, 136.7, 133.6, 133.5, 132.4, 132.1,11,3130.8,
130.5, 130.4, 128.5, 128.3, 128.2, 128.1, 128.0,.8,2127.8,
127.6, 127.6, 126.7, 126.6, 126.5, 126.4, 124.0,.3,2121.1,
58.2 (CH), 58.0 (CH), 48.7 (2C), 47.9, 47.8, 43.0 (2C), 425
(2C, CHy), 26.9 (2C, CH), 25.6 (CH), 25.5 (CH), 19.8 (CH),
19.6 (CH), 19.4 (CH), 19.3 (CH); HPLC AD semi-prep
column, 4.7 mil/min, 80:20 pentane:IPA, 40, t = 30.1 min;ap
-32.0 (CHCY, ¢=1.0); R (KBr)vyax 2959, 1748, 1373, 1168,
954, 823, and 754 cl HRMS (ES): calculated for
CugH47NOgS,, 842.2821, found 842.2807.

(-)-1,3-Bis-(2-hydroxynaphthalen-1-yl)-isoquinoline (-)-(8)

(S,S9-18 (56 mg, 66umol) was dissolved in methanol (5
mL) and 50% w/v NaOH (1 mL) was added £@ Stirring was
continued for a further 1 h at this temperaturee Thixture was
then acidified with HCI (10 mL, 2 M) and extracted thvi
dichloromethane (3 x 10 mL). The organic layers ewver
combined, washed with brine (20 mL), dried over,$@,
filtered and evaporatedn vacuo. This crude material was
purified by column chromatography over silica ged:1(
pentane:EtOAC) to yield the title compound &§21.2 mg, 76%)
which was identical to a previously prepared sampicemic8
was also resolvedvia semi-preparative HPLC using a
CHIRALPAK AD column to yield both (-8 and (+)8 in >99%
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ee each. Absolute configuration was assigned basehalogy
with 7; ap = (R)-8 +103, §-8 —-103 (CHC}, c=1.0).

2-Methyl-1-naphthal eneboronic acid (36)
Method 1

Magnesium (4.50 g, 0.19 mol) was activated by hgatind
stirring in vacuo for 1 h at 80°C after which time it was allowed
to cool to room temperature and dry THF (20 mL) \adsled
under an atmosphere of nitrogen. A solution of Ilsle2-
methylnaphthalene (5.5 mL, 32 mmol) in dry THF {BQ) was
slowly addedvia cannula to give a black suspension. The
solution was heated with a heat gun at regular iaterduring
the addition period. The solution was allowed to fatf 1 h at
room temperature. The Grignard solution was thencdtievly,
via cannula filtration, to a solution of triisopropgitate (11.0
mL, 47.6 mmol) in THF (20 mL) at -78. The reaction mixture
was allowed to warm to room temperature while stirring
overnight (18 h). Water (30 mL) was added and thspension
was allowed stir for a further 1 h. The reaction tnig was
reducedin vacuo to remove the THF and dichloromethane (100
mL) was added. The organic layer was separated, tiaad
aqueous layer was washed with dichloromethane (3 mRpD
The combined organic extracts were dried overSdp and
filtered and the solvent was removitdvacuo to give a yellow
oil. Conc. HCI (1 mL) was added and the mixture wasest in
pentane overnight producing a white powder which wéeréd
and driedin vacuo to yield the title compoun@6 (4.8 g, 81%).
m.p. 128-131°C (lit.*” m.p. 125-128°C); '"H NMR (300 MHz;
ds-DMSO0) 6 = 8.45 (s, 2H, B(OH), 7.81 (ddd, 3HJ; = 4.0 Hz,

J, = 7.8 Hz,J; = 12.2 Hz), 7.50-7.40 (m, 2H), 7.33 (d, 1H+
8.5 Hz), and 2.49 (s, GH **C NMR (75 MHz; ¢-DMSO) 136.8
(4°), 135.3 (4), 131.3 (4), 128.6, 128.5, 128.3, 127.63, 127.62
(4°), 125.9, 125.0, 22.8 (G} IR (KBr) Vimax 3301, 1427, 1397,
1356, 1333, 1307, 1066, and 810°tm

Method 2

n-Butyllithium (19.3 mL, 2.5 M in hexanes, 48 mmolyas
added dropwise to a stirred solution of 1-bromo-2-
methylnaphthalene (7.3 mL, 47 mmol) in dry THF (8Q) at -
78 °C under an atmosphere of nitrogen. The solution was
warmed to room temperature and stirred for 1 h. rAtés time
the flask was re-cooled to -78 and trimethylborate (7.9 mL, 70
mmol) was added dropwise. The mixture was allowed warm
room temperature overnight (18 h) under nitrogenl {50 mL,
1 M) was added dropwise and the solution was stiroedL fh.
The reaction mixture was reducéu vacuo and extracted with
dichloromethane (3 x 50 mL). The combined orgaajets were
washed with brine (30 mL) and dried over,8@,. The solution
was filtered and evaporatéd vacuo to produce a yellow oil.
Conc. HCI (1 mL) was added and the mixture was stiired
pentane overnight producing a white suspension.preeipitate
was filtered and driedn vacuo to yield the title compoun®6
(4.52 g, 52%), which was identical to a previouslgpared
sample.

3-Chloro-1-(2-methyl naphthal en- 1-yl)isoquinoline (35)
Method 1

Pd(PPh), (0.80 g, 0.67 mmol) was added to a dry Schlenk
tube containing anhydrous, degassed DME (100 mlgvie@d by
1,3-dichloroisoquinoline® (4.45 g, 22.5 mmol) and the mixture
stirred under nitrogen for 10 min. Arylboronic adé (4.6 g, 25
mmol) was then added as a solid followed byGT (7.5 g, 50
mmol). The mixture was then refluxed at 90 for 2 d after
which time it was cooled to room temperature and wétéo
mL) and dichloromethane (100 mL) were added. Thearm



layer was extracted and concentratedacuo to give a brown oil
which was re-dissolved in dichloromethane (100 mL)shveal
with water (30 mL), brine (30 mL), and then dried o¥&,S0;.
The solution was filtered and evaporatad/acuo to give an oil
which was purified by column chromatography overcailgel
(2:1, pentane:C}Kl,) to yield the title compoun®5 (5.54 g,
81%). R = 0.50, (3:1 pentane:EtOAc); m.p. 129-13C; *H
NMR (300 MHz; CDC}) & = 7.91-7.83 (m, 4H), 7.68 (dt, 18,
=1.9 Hz,J,=6.0 Hz,J; = 14.0 Hz), 7.47-7.32 (m, 4H), 7.24 (dd,
1H, J, = 7.0 Hz,J, = 8.2 Hz), 6.98 (d, 1H] = 8.6 Hz), 2.16 (s,
3H, CHy); °C NMR (75 MHz; CDCJ)) 161.5 (4), 145.2 (4),
138.4 (4), 134.5 (4), 133.4 (4), 132.7 (4), 132.0 (4), 131.3,
128.8, 128.6, 128.0, 127.7, 127.4, 1279,(426.4, 126.3, 125.4,
125.1, 119.2, 20.2 (G} IR (KBr) vjnax 3054, 1547, 1310, 1146,
1093, 965, 865, 812, and 742 tMHRMS (ES): calculated for
CyH14CIN, 304.0893, found 304.0892;¢H,,CIN: calculated C,
79.07; H, 4.65; N, 4.61, found C, 78.79; H, 4.39; 1834.

3-Chloro-1-(2-dibromomethyl naphthalen-1-yl)isoquinoline (45)*®

To biaryl 35 (3.80 g, 12.5 mmol) was added\-
bromosuccinimide (4.60 g, 26.3 mmol), dibenzoyl gxate
(70%, 0.44 g, 1.3 mmol) and CQIL00 mL). The mixture was
heated to reflux while being irradiated with a UV laoyernight
(18 h). The resultant mixture was filtered and firecipitate
washed with benzene (2 x 20 mL). The mother liquorsewe
combined and washed sequentially with water (20 mtyrated
NaSQ (20 mL) and brine (20 mL) and then dried over MgSO
The organic layer was filtered and evapordtedacuo to yield
the title compoundt5, (5.5 g, 96%) a brown solid, which was
used without any further purification. {R= 0.50, (2:1
CH,Cl,:pentane); m.p. 186-18T; '*H NMR (300 MHz; CDC}))
5=28.10 (d, 1H,) = 8.9 Hz), 8.01 (d, 1H] = 8.9 Hz), 7.83-7.84
(m, 3H) 7.6 (ddd, 1HJ; = 1.9 Hz,J, = 6.6 Hz,J; = 10.3 Hz),
7.40 (ddd, 1HJ); = 1.2 Hz,J, = 6.79 Hz,J; = 9.1 Hz), 7.34-7.16
(m, 4H), 6.86 (dd, 1H), = 0.70 Hz,J, = 8.42 Hz), 6.17 (s, 1H);
¥C NMR (75 MHz; CDC)) 157.9, (4) 145.4 (4), 138.4 (4),
137.4 (4), 133.6 (4), 131.9, 131.2 (¥, 130.6, 130.0 (3,
128.09, 128.14, 127.5, 127.4, 127.2)(4126.8, 126.4, 126.1,
120.4 and 38.8 (1C obscured); IR (KBr). 1549, 1314, 1140,
and 748 cnf; HRMS (ES): calculated for GH4,Br,CIN;
459.9103, found 459.9118;,481,,Br,CIN: calculated C, 52.04;
H, 2.62; N, 3.03, found C, 51.74; H, 2.54; N, 2.82.

1-(3-Chloroisoquinolin-1-yl )naphthal ene-2-car bal dehyde (43)*

11
3062, 1693, 1618, 1549, 1311, 1227, 1093, and 760, ¢
HRMS (ES): calculated for gH;,CINO; 318.0686, found
318.0690.

1,3-Dibromisoquinoline

To homophthalic acid (12.0 g, 66.3 mmol) was added
ammonium hydroxide (30 mL, 0.31 mol) and the migtuvas
vacuum distilled until a brown solid remained. Téalid was
heated gently at ambient pressure with a Bunsenebumtil an
orange oil remained. The flask was allowed to codl RBg (6.3
mL, 66 mmol) was added and the mixture was heatd®@tC
with stirring overnight (18 h). The resultant sodutiwas cooled
and poured onto ice wateC@ution!]. The solution was extracted
with dichloromethane (3 x 100 miand the organic layer was
washed sequentially with 20% NaOH (2 x 50 mL), water (50
mL) and brine (50 mL). The organic layer was driegero
MgSQ,, filtered and evaporateish vacuo to yield crude product
that was purified by column chromatography overcailigel
(CH,CI,) to yield the title compound (6.0 g, 31%); R 0.70,
(CH,CL,); m.p. 151.0-153.0C (lit.*® 147.0-147.5°C); '"H NMR
(300 MHz; CDC}) & = 8.26 (m, 1H), 7.85 (s, 1H, H4), 7.77-7.67
(m, 3H); **C NMR (75 MHz; CDCJ) 144.1 (4), 138.9 (&),
132.7 (4), 132.1, 129.1, 128.9, 128.0°J4126.2, 124.2 (3; IR
(KBr) viax 1569, 1544, 1483, 1432, 1288, 1247, 1078, 965, 818
and 747 crit; HRMS (ES): calculated for gHsBr,N; 285.8867,
found 285.8869; ¢HsBr,N: calculated C, 37.67; H, 1.76; N,
4.88, found C, 37.67; H, 1.56; N, 4.70.

3-Bromo-1-(2-methyl naphthal en-1-yl)isoquinoline (42)

Pd(PPh), (1.09 g, 0.94 mmol) was added to a dry Schlenk
tube containing anhydrous, degassed DME (100 mlgv&d by
1,3-dibromoisoquinoline (4.45 g, 22.5 mmol) and theture
stirred under nitrogen for 15 min at 7Q to give a pale yellow
solution. Arylboronic acid36 (3.85 g, 20.7 mmol) was then
added as a solid followed by £ (6.29 g, 41.4 mmol). The
orange mixture was then refluxed at 90 °C for 2 tdrafvhich
time it was cooled to room temperature and water ¢hQpand
diethyl ether (100 mL) were added. The organic layas
separated and concentratedvacuo to give a brown oil which
was re-dissolved in diethyl ether (100 mL), washed wigater
(20 mL), brine (20 mL), and then dried over MgSOThe
solution was filtered and evaporatedvacuo to give the crude
product which was purified by column chromatographsero
silica gel (1:1 CHCIl,:pentane) to yield the title compourd@

To compound45 (1.85 g, 4.0 mmol) was added EtOH (20 (4.75 g, 72%). R= 0.2, (1:1 CHCl,:pentane); m.p. 138.0-140.0

mL) and THF (12 mL) and the solution was heatedetitux.

°C; *H NMR (300 MHz; CDCJ) & = 8.00 (s, 1H. H4), 7.90-7.82

AgNO; (2.00 g, 11.7 mmol) in water (5.6 mL) was added drop (m, 3H), 7.65 (m, 1H), 7.45 (d, 1H,= 8.4 Hz), 7.40-7.30 (m,

wise with stirring to produce a yellow precipitate.eTteaction
was refluxed for a further 1 h and filtered hot. Tgrecipitate
was washed with hot THF (20 mL), the filtrates werenbmed
and concentrated, dichloromethane (50 mL), was attukxived
by water (20 mL), and the organic layer was separatetithe
aqueous layer extracted with dichloromethane (2 *2). The
organic layers were combined, washed with brine (20 ard

1H), 7.23 (m, 1H), 6.99 (d, 1H, = 8.4 Hz), 2.11 (s, 3H, C}

¥C NMR (75 MHz; CDC)) 161.7 (4), 138.4 (4), 135.4 (4),
134.6 (4), 133.5 (4), 132.8 (4), 132.0 (4), 131.4, 123.9, 128.7,
127.9, 127.5, 127.4 (% 126.5, 126.2, 125.5, 125.1, 123.4, 20.2
(CHy); IR (KBI) Vpax 3051, 1544, 1310, 1145, 1089, 962, 841,
812 and 754 cili HRMS (ES): calculated for GH./BrN;
348.0388, found 348.0398;,¢,,BrN: calculated C, 68.98; H,

dried over NgSO,. The organic layer was filtered and evaporated4.05; N, 4.02, found C, 68.58; H, 4.02; N, 3.95.

in vacuo to yield the crude product which was purified by 3-Bromo-

column chromatography over silica gel (10:1 pentat@Ac) to
yield the title compound43 (0.82 g, 65%); R = 0.40, (5:1
pentane:EtOAc)’H NMR (300 MHz; CDCJ) & = 9.66 (s, 1H,
COH), 8.15 (d, 1HJ = 8.6 Hz), 8.08 (d, 1H] = 8.6 Hz), 7.97 (d,
1H,J=8.2 Hz), 7.91 (app d, 2H,= 8.8 Hz), 7.71 (app dt, 1H,
J; =0.9Hz,J, = 7.6 Hz), 7.60 (app t, 1H,= 7.0 Hz), 7.42-7.33
(m, 3H), 7.22 (d, 1HJ = 8.5 Hz);"*C NMR (75 MHz; CDC})
190.8, 157.8 (9, 145.0 (4), 141.1 (4), 138.0 (4), 136.2 (8),

1-(2-dibromomethyl naphthal en-1-yl)isoquinoline (46)

To biaryl42 (4.66 g, 13.4 mmol) was addBEbromosuccinimide
(5.0 g, 28.1 mmol) and dibenzoyl peroxide (70%,60¢} 1.3
mmol) followed by CCJ (100 mL). The mixture was heated to
reflux while being irradiated with a UV lamp overnigii3 h).
The resultant mixture was filtered and the precipitvashed
with benzene (2 x 20 mL). The mother liquors were lzioed,
washed sequentially with water (20 mL), saturated Na&D

132.3 (4), 132.2 (4), 131.8, 129.9, 129.1, 128.4, 128.3, 127.5,mL) and brine (20 mL) and then dried over MgSThe organic

127.1 (2C), 126.4, 122.53, 122.49°)4120.2; IR (KBI)Vpa

layer was filtered and evaporatéd vacuo to yield the title
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compound46 (6.60 g, 97%) as a brown solid, which was usedmlL, 0.132 mmol) was added. The solution was allowestitdor
without any further purification. R= 0.55, (2:1 CECl,:pentane); an additional 30 min. Water (30 mL) was added dreddrganic
m.p. 191-193C; *H NMR (300 MHz; CDC}) 5 = 8.18 (d, 1H, layer separated. The aqueous layer was extracted with
= 8.8 Hz), 8.10-8.07 (m, 2H), 7.92-7.87 (m, 2H), 7(@@d, 1H, dichloromethane (2 x 20 mL) and all organic laysvere
J;=1.3HzJ,=6.7 Hz,J; = 8.2 Hz), 7.49 (ddd, 1H; = 1.2 Hz, combined, washed with brine (30 mL), dried over,$@,
J, =7.0 Hz,J; = 8.2 HZz), 7.44-7.25 (m, 3H), 6.95 (d, 1H+ 7.9 filtered and evaporateiah vacuo to afford the title compoung@9
Hz), 6.26 (s, 1H)**C NMR (75 MHz; CDCJ) 158.0 (4), 138.4 (32.9 g, 95 %) as a yellow oil which was used withony a
(4°), 137.4 (8), 135.4 (4), 133.6 (4), 131.9, 131.2 (¥, 130.7, further purification. R= 0.70, (3:1 pentane:EtOAcjH NMR
129.9 (4), 128.3, 128.2, 127.5, 127.5 (2C), 127.4)(426.9, (300 MHz; CDC}) 6 = 7.39 (d, 1HJ = 2.1 Hz) 7.80 (d, 1H] =
126.3, 126.2, 124.5, 38.9; IR (KBr)oy 1544, 1142, and 750 ém 2.1 Hz), 5.72 (s, 1H, OH), 1.27 (s, 9H, C-(gHt *C NMR (75
' HRMS (ES): calculated for GHBrN; 503.8598, found MHz; CDCL) 146.2 (4), 145.5 (4), 128.4, 126.1, 120.1 %
503.8596; GoH.-BrsN: calculated C, 47.47; H, 2.39; N, 2.77, 109.8 (4), 34.4 (4), 31.2 -(CH)3; IR (KBr) v 3512, 2964,
found C, 47.07; H, 2.12; N, 2.55. 1565, 1482, 1395, 1279, 1169, and 768'crAIRMS (ES):
calculated for GH;,BrClO; 260.9682, found 260.9678.

1-Bromo-5-tert-butyl-3-chl oro-2-methoxybenzene (40)

1-(3-Bromoisoquinolin-1-yl)naphthal ene-2-car bal dehyde (44)

To dibromide46 (0.6 g, 1.2 mmol) was added EtOH (6 mL) and
THF (4 mL) and the solution was heated to reflux. AgN@59 To phenol39 (10.50 g, 39.9 mmol) was added anhydrous
g, 3.5 mmol) in water (1.7 mL) was added drop-wise siifting  acetone (100 mL) followed by anhydrousGO; (16.6 g, 138
to produce a yellow precipitate. The reaction wakixefl fora  mmol) and methyl iodide (7.5 mL, 120 mmol). The tabe was
further 1 h and the hot mixture was filtered and phecipitate  refluxed for 24 h and the solvent was remouwedacuo. Water
was washed with hot THF (2 x 20 mL). The filtrate was(50 mL) and dichloromethane (100 mL) were added #red
concentrated and dichloromethane (50 mL) was addémlvied  organic layer was separated. The aqueous layer waactd
by water (20 mL), the organic layer was separated te  again with dichloromethane (2 x 30 mL) and all oigdayers
aqueous layer washed with dichloromethane (2 x 20. Mhg were combined, washed with brine (30 mL) and driedr ove
organic layers were combined, washed with brine (20, miied  Na,SO,. The organic layer was filtered and evaporatedacuo
over NaSQ, filtered and evaporateih vacuo to yield the crude to yield the title compoundO (10.2 g, 92%) as a yellow oil
product which was purified by column chromatographaero which was used without any further purification. /0.8, (3:1
silica gel (2:1 CHCl,:Pentane) to yield the title compoudd  pentane:EtOAc)'H NMR (300 MHz; CDC}) & = 7.44 (d, 1H,)
(0.29 g, 68%) as a white solid; R0.45, (3:1 pentane:EtOAc); = 2.4 Hz), 7.32 (d, 1H) = 2.2 Hz), 3.87 (s, 3H, G 1.29 (s,
m.p. 145-146°C; 'H NMR (300 MHz; CDC)) 3 = 9.66 (s, 1H, 9H, -(CHy)s; **C NMR (75 MHz; CDC}) 150.7 (4), 149.4 (4),
CHO), 8.17-8.07 (m, 3H), 7.98 (d, 18i= 8.0 Hz), 7.90 (d, 1H] 129.0, 128.4 (9, 126.9, 117.9 (3, 60.6 (CH), 34.6 (4), 31.1
=8.3 Hz), 7.73 (app t, 1H,= 7.6 Hz), 7.61 (aprljat, 1H,= 7.8 (CHy)s; IR (KBr) vVinax 2964, 1546, 1479, 1275, 999, and 769'cm
m; gggl.jzlgn&;: T?%??é?zlgdi.(ﬁfﬁgé Tgélc ?3%%,(71532.3,5*6”3“3"'1'°h'°r°'2'me‘hoxy'3'phe”y'boronicadd (32)
132.2, 131.7, 129.9, 129.1, 128.5, 128.4, 127.5,11,2126.3, Magnesium (5.00 g, 0.21 mol) was activated by hgatind
124.2, 122.52, 122.47, 122.45; IR (KBr)., 1693, 1544, 1316, stirringin vacuo for 1 h at 8C°C after which time it was allowed
1227, 1088, 823, and 748 ¢mHRMS (ES): calculated for to cool to room temperature and dry THF (20 mL) \easled
CoHi-BrNO; 362.0181, found 362.0163; ,48:,BrNO:  under an atmosphere of nitrogen. A solution of argmide40
calculated C, 66.32; H, 3.34; N, 3.87, found C, 66t883.35; N, (7.0 mL, 36 mmol) in dry THF (50 mL) was added slowig
3.83. cannula to give a black suspension. The solutionheased with
the aid of a heat gun at regular intervals during &ddition
2-Bromo-4-tert-butylphenol (38) period. The solution was allowed to stir for 1 h abm
To 44ert-butyl-phenol (37) (20.1 g, 0.134 mol) was added temperature. The Grignard solution was then addedlg| via
dichloromethane (200 mL) and the mixture stirretilall of the  cannula filtration, to a solution of triisopropylade (12.5 mL,
substrate had dissolved. The reaction mixture was tooled to  54.0 mmol) in THF (20 mL) at -78C. The reaction mixture was
0 °C and bromine (7.0 mL, 0.14 mol) in dichloromethgf®  allowed to warm to room temperature while stirring rovght
mL) was added drop-wise over a period of 15 min. Foistion (18 h). Water (30 mL) was added and the suspensios wa
was allowed to stir for another 40 min after whichdisaturated allowed to stir for a further 1 h. The reaction tue was
N&aSQO; (100 mL) was added and the organic layer separdtesl  reducedin vacuo to remove the THF and dichloromethane (100
aqueous layer was extracted with dichloromethane $® miL) mL) was added. The organic layer was separated, tled
and the combined organic layers were washed wis®a(50 aqueous layer was washed with dichloromethane (3 mB)
mL), water (50 mL), brine (50 mL), and dried over,8@,. The the combined organic extracts were evaporatedcuo to give a
organic layer was filtered and evaporatadvacuo to yield the yellow oil. NaOH (20% w/v) was added producing a white
titte compound38 (30.3 g, 99%) as a clear oil, which solidified precipitate that was stirred in pentane overnigBtt{l and then
upon standing and was used without any further patitin. R = filtered using a sintered glass funnel. The préaipiwas washed
0.20, (3:1 pentane:EtOACH NMR (300 MHz; CDCJ) 3= 7.44  with more pentane, removed from the funnel andestiin an
(d, 1H,J = 2.2 Hz), 7.23 (m, 1H), (m, 1H), 6.95 (d, 1H= 4.1  HCI (1 M)/CH,CI, biphasic mixture. The organic layer was
Hz), 1.28 (s, 9H, -(CHs); HRMS (ES): calculated for separated and the aqueous layer extracted withodarhkthane
C,H13BrO; 227.0072, found 227.0067. (3 x 50 mL). All organic layers were combined, washéth
water (20 mL), brine (20 mL) and dried over ,88,. The
organic layer was filtered and evaporatedvacuo to yield
2-Bromo-4-tert-butyl-6-chlorophenol (39)40 slightly crude product which was purified by column

chromatography over silica gel 10:1 (pentane:EtOAg)i¢ld the
To phenol38 (30.2 g, 0.132 mol) was added toluene (100 mL);y o compound32 (4.40 g, 50%) as an oil that solidified upon

and diisobutylamine (183iL, 1.05 mmol). The solution was standing. R= 0.4, (3:1 pentane:EtOAc); m.p. 65-62; *H NMR
heated to 70C and at this temperature sulfuryl chloride (10.6(300 MHz: CDCJ;,) 5=1774 (d iHJ 224 Hz) 7 49 ’(d 1H) =



2.4 Hz), 6.58 (s, 2H, B(OH), 3.94 (s, 3H, (OMe)), 1.32 (s, 9H,
(CHa)9); *C NMR (75 MHz; CDCJ)) 158.6 (4), 148.8 (4),
131.7, 131.1, 126.2 (4 61.9 (CH), 34.5 (4), 31.2 (CH); (1C
obscured); IR (KBrivyax 3361, 2956, 1476, 1431, 1398, 1366,
1333, 1236, 1070, 987, 810 and 769 '¢cnHRMS (ES):
calculated for ¢H;,¢BCIO5; 241.0803, found 241.0792.

3-(5-tert-Butyl-3-chlor o-2-methoxyphenyl)-1-(2-
methylnaphthal en-1-yl)isoquinoline (33)

Pd(PPB), (0.10 g, 86umol) was added to a dry Schlenk tube
containing anhydrous, degassed DMF (25 mL) followad b
biaryl 35 (0.88 g, 2.89 mmol) and the mixture was stirredeund
nitrogen for 10 min. Boronic acig? (0.70 g, 2.9 mmol) was then
added as a solid followed by sodium carbonate (3 2a0,M).
The mixture was then heated to I’IDfor 2 d after which time it

was cooled to room temperature and water (50 mL) ang

dichloromethane (50 mL) were added. The organicrlayas
extracted and concentratéd vacuo to give a brown oil which
was re-dissolved in dichloromethane (50 mL), washeld water
(20 mL), brine (20 mL), and then dried over,88)y. The organic
solution was filtered and evaporatéa vacuo to give an oil
which was purified by column chromatography overcailgel
(1:1 pentane:CHCl,) to yield the title compoun@®3 (0.54 g,
40%) as a white solid.R 0.25, (1:1 CHCl,:pentane); m.p. 135-
136°C; 'H NMR (300 MHz; CDCJ) & = 8.21 (s, 1H, H4), 7.98-
7.88 (m, 3H), 7.72-7.66 (m, 2H), 7.50 (d, 1Hs 8.3 Hz), 7.45-
7.36 (m, 4H), 7.25 (app t, 1H,= 7.9 Hz), 7.15 (d, 1H]) = 8.5
Hz), 3.70 (s, 3H, OC}k), 2.20 (s, 3H, Ch, 1.30 (s, 9H,
C(CHy)3); ®C NMR (75 MHz; CDC)) 160.1, 151.6, 149.2,
148.0, 136.8, 135.3, 134.9, 134.4, 133.0, 132.D.5,3128.7,
128.4, 127.9, 127.8, 127.52 (2C), 127.48, 127.3.232C),
126.1, 125.8, 124.9, 120.4, 61.3 (OMe), 34.9,(81.3, (CH)s,
20.3 (CH); IR (KBr) v;22960, 1618, 1562, 1479, 1320, 1268,
996, 811, and 742 ch HRMS (ES): calculated for
C3;H,sCINO; 466.1938, found 466.1944;8,;CINO: calculated
C, 79.90; H, 6.06; N, 3.01, found C, 79.70; H, 6.142198.

3-(5-tert-Butyl-3-chlor o-2-methoxyphenyl)-1-(2-
dibromomethylnaphthal en-1-yl)isoquinoline (41)

To compound 33 (1.50 g, 3.22 mmol) was addedl-
bromosuccinimide (1.20 g, 6.75 mmol) and dibenzmstoxide
(70%, 0.11 g, 0.32 mmol) followed by CC{125 mL). The
mixture was heated to reflux while being irradiateith a flood
lamp for 7 h after which tim&l-bromosuccinimide (0.12 g, 0.68
mmol) was added and the mixture allowed to stiefltix under
irradiation overnight (18 h). The resultant mixtumas filtered
and the precipitate washed with benzene (2 x 20 riihe
mother liquors were combined, washed sequentially wiiler
(20 mL), NaHCQ (20 mL), brine (20 mL) and then dried over
CaCl. The organic layer was filtered and evaporatedacuo to
yield the title compoundil (1.98 g, 99%) as a brown solid,
which was used without any further purification.=:0.65, (3:1
pentane:EtOAc)’H NMR (300 MHz; CDCJ) & = 8.43 (s, 1H,
H4), 8.22 (d, 1H,J = 8.8 Hz), 8.11 (d, 1H] = 8.8 Hz), 8.01 (d,
1H,J = 8.4 Hz), 7.92 (d, 1H) = 8.0 Hz), 7.85 (d, 1H) = 2.4
Hz), 7.73 (m, 1 H), 7.51-7.25 (m, 5H), 6.47 (s, 1HY23(s, 3H,
OCHs), 1.30 (s, 9H, C(CHs); *C NMR (75 MHz; CDC}))
156.8, 151.6, 148.8, 148.3, 137.5, 136.8, 134.3.613131.4,
131.0, 130.2, 128.1, 128.0, 127.8, 127.7 (2C), ,21%/.3,
127.21(2C), 127.18(2C), 127.05, 126.2, 121.6, §OKle), 39.5
(CHBI,), 34.7 (4), 31.3 (CH)3; IR (KBr) vi,ax 2960, 1561, 1478,
and 750 cril; HRMS (ES): calculated for GH,sBr,CINO;
622.0148, found 622.0160.

1-[ 3-(5-tert-Butyl-3-chl or o-2-methoxyphenyl )isoquinolin-1-
yl] naphthal ene-2-carbal dehyde (34)

13
Method 1

Pd(PPh), (0.12 g, 0.10 mmol) was added to a dry Schlenk
tube containing anhydrous, degassed DMF (25 mLypiedd by
aryl chloride43 (0.64 g, 2 mmol) and the mixture was stirred
under nitrogen for 10 min. Arylboronic acig82 (0.73 g, 3.0
mmol) was then added as a solid followed byQT3; (1.34 g, 4.1
mmol). The mixture was then heated to 2@overnight (18 h)
after which time it was cooled to room temperaturé water (50
mL) and dichloromethane (50 mL) were added. Therocdayer
was separated and concentratadvacuo to give a brown oil
which was re-dissolved in dichloromethane (100 mL)sliveal
with water (20 mL), brine (20 mL), and then dried o¥&,SO,.
The organic solution was filtered and evaporatedhcuo to give
an oil which was purified by column chromatographyiosilica
el (10:1 pentane:EtOAC) to yield the title compo34d0.48 g,
0%) as a white solid.;R= 0.60, (3:1 pentane:EtOACY NMR
(300 MHz; CDC}) 6 = 9.75 (s, 1H, COH), 8.33 (s, 1H, H4), 8.19
(d, 1H,J = 8.6 Hz), 8.09 (d, 1H] = 8.6 Hz), 8.00 (dd, 1K, =
6.3 Hz,J, = 7.32 Hz), 7.75-7.59 (m, 3H), 7.46-7.38 (m, 5H)03.7
(s, 3H, OCH), 1.29 (s, 9H, C(CHs); *C NMR (75 MHz;
CDCly) 191.5, 156.3 (9, 151.7 (4), 149.0 (4), 148.2 (4),
143.1 (4), 136.5 (4), 136.3 (4), 134.6 (4), 132.5 (4), 130.9,
129.5, 128.9, 128.4 (2C), 128.1, 128.0)(427.9, 127.6, 127 .4,
127.2 (2C), 127.0, 126.9, 122.4, 121.2, 61.2 (ON3d)6 (&),
31.2 (CH)3; IR (KBr) vinax 1691, 1619, 1322, 770, and 702°tm
HRMS (ES): calculated for GH,.CINO, 480.1730, found
480.1748.

Method 2

Pd(PPB), (0.58 g, 0.05 mmol) was added to a dry Schlenk
tube containing anhydrous, degassed DMF (20 mLpadd by
aryl bromide44 (0.362 g, 1.0 mmol) and the mixture was stirred
under nitrogen for 10 min. Arylboronic aci82 (0.36 g, 1.5
mmol) was then added as a solid followed by3®3; (0.49 g, 1.5
mmol). The mixture was then heated to £@0overnight (18 h)
and cooled to room temperature. Water (50 mL) and
dichloromethane (50 mL) were added. The organicrlayas
separated and concentratedvacuo to give a brown oil which
was re-dissolved in dichloromethane (100 mL), wastith
water (20 mL), brine (20 mL), and then dried overd@,. The
organic solution was filtered and evaporailediacuo to give an
oil which was purified by column chromatography ostica gel
(10:1, pentane:EtOAc) to yield the title compousd (0.32 g,
67%) as white solid, identical to a previously preglasample.

Method 3

To compound4l (3.25 g, 5.21 mmol) was added ethanol (25
mL) and THF (15 mL) and the solution was heatedetitux.
AgNO; (2.66 g, 15.6 mmol) in water (7.5 mL) was added drop
wise with stirring to produce a yellow precipitate. &hall of the
AgNO; solution had been added, the reaction was reflfxed
further 1 h. After this time, the hot mixture wakefied using a
sintered glass funnel and the precipitate washed miite THF
(2 x 20 mL). The mother liquors were combined cotredad
and dichloromethane (100 mL) was added followed bymng&0
mL). The organic layer was separated and the aguémyer
extracted with dichloromethane (2 x 20 mL). The aigdayers
were combined, washed with brine (20 mL), dried ove;Sda
filtered and evaporated vacuo to yield the crude product which
was purified by column chromatography over silicd ¢e:1
Pentane:EtOAC) to yield the title compourg#l as a white solid
(0.3 g, 12%) which was identical to a previously prepl
sample.

1-[ 3-(5-tert-Butyl-3-chl or o-2-hydroxyphenyl)isoquinolin-1-
yl] naphthal ene-2-carbal dehyde (47)*°
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Aldehyde 34 (0.33 g, 0.69 mmol) was placed in a 50 mL
Schlenk tube. HBr (48%, 3 mL) and AcOH (3 mL) were atlde
room temperature and the resultant solution he@mtddl0°C for
2 h. After this time the solution was cooled to romperature
and water (10 mL) and dichloromethane (20 mL) werdedd
The organic layer was separated and the aqueousdatyacted
with dichloromethane (2 x 10 mL). The combined oigaayers
were then washed with brine (20 mL), dried oves3@, filtered
and evaporatedh vacuo to give the crude product which was
purified by column chromatography over silica ge:1(
pentane:EtOAC) to yield the title compouéd (215 mg, 67%) as
a pale yellow solid. R= 0.30, (5:1 pentane:EtOAc); m.p. 200-
202°C; *H NMR (300 MHz; CDC}) = 9.68 (s, 1H, COH), 8.45
(s, 1H, H4), 8.13-8.09 (m, 3H), 8.00 (d, 1Hs 8.1 Hz), 7.95 (d,
1HJ=2.3 Hz), 7.77 (m, 1H), 7.62 (dd, 18{,= 7.3 Hz,J, = 14.5
Hz), 7.45-7.34 (m, 4H), 7.22 (d, 1d,= 8.5 Hz), 1.41 (s, 9H,
C(CHs)3); °C NMR (75 MHz; CDCJ) 190.6, 154.7 (3, 152.6
(4°), 150.4 (4), 142.3 (4), 140.5 (4), 137.2 (4), 136.3 (4),

132.3 (4), 132.2 (4), 132.0, 130.2, 129.3, 128.9, 128.6, 128.5,

128.1 (4), 127.9, 127.8, 127.2, 126.9, 122.8, 122.%),(421.4,
119.7 (4), 116.3, 34.5 (&, 31.6 -(CH)3;; IR (KBr) Vyax 3452,
2954, 1695, 1620, 1587, 1561, 1462, 1256, and @3 HRMS
(ES: calculated for GH,,CINO,; 466.1574, found 466.1587.

4-tert-Butyl-2-chlor 0-6-[ 1-(2-hydr oxymethyl naphthalen-1-
yhisoquinolin-3-yl] -phenoal (30)

Aldehyde 47 (0.10 g, 0.22 mmol) was placed in a 25 mL
round-bottomed flask to which THF (3 mL) and ethaf®imL)
were added. The solution was allowed to stir at roemperature
and (11.8 mg, 0.31 mmol) in water (2RQ) was added drop-
wise and the mixture was allowed to stir for a furthén. Water
(5 mL) was added, followed by 10% HCI (5 mL) and
dichloromethane (50 mL). The organic layer was s#pdrand
the aqueous layer was extracted with dichloromett{@ne 20
mL). The combined organic extracts were then wash#dlwine
(20 mL), dried over N&GO,, filtered and evaporated vacuo to
yield the crude product which was purified by column
chromatography over silica gel (5:1, pentane:EtOAg)i¢éld the
titte compound30 (90 mg, 92%) as a yellow solid. Raceri¢
was resolvedia semi-preparative HPLC using a CHIRALPAK
AD column to yield both (-B0 and (+)30 in >99% ee. R =
0.40, (2:1 CHCly:pentane); m.p. 205-207C; '"H NMR (300

MHz; CDCL) & = 8.37 (s, 1H, H4), 8.08-8.04 (m, 2H), 7.95-7.93

(m, 2H), 7.82-7.72 (m, 2H), 7.49-7.37 (m, 4H), 7.26dd1H,J;

= 1.2 Hz,J, = 6.9 Hz,J; = 9.6 Hz), 7.45-7.34 (m, 4H), 7.22 (d,
1H,J = 8.5 Hz), 7.00 (d, 1H, J = 8.57 Hz), 4.49 (d, IH; 13.0
Hz), 4.38 (d, 1H,) = 13.0 Hz) 1.41 (s, 9H, C(GH); *C NMR
(75 MHz; CDC}) 156.8 (4), 152.7 (4), 150.3 (4), 142.0 (4),
137.4 (4), 137.2 (4), 132.9 (4), 132.5 (4), 132.2 (4), 131.8,
129.7, 128.7, 128.2, 128.1, 127.6, 127.5, 127p (#6.9, 126.1,
125.7, 125.6, 122.6 P4 121.2, 119.8 (8, 115.6, 63.00 (C}),
34.4 (&), 31.5 (CH);; HPLC AD semi-preparative column, 4.7
ml/min, 95:05 Pentane:IPA, 4@, z(-)-30 = 27.9 min, §(+)-30

= 37.1 min;ap = +26.0, -30.0 (CHGIc=1.0); IR (KBr) Viax
3444, 2948, 1497, 1278, and 757 TrRiIRMS (ES) calculated
for C;H.,CINO,; 468.1730, found 468.1712; ;¢El,,CINO.:
calculated C, 76.99; H, 5.60; N, 2.99, found C, 76H65.66; N,
2.91.

Racemization Sudies

General procedure for racemisation study %

To benzene (3 mL), preheated to°@was addedR)-(+)-30

(2 mg, 4.27umol, 99.4% ee) in a sealed tube. The resulting

solution was heated with stirring at this temperafore60 min

Tetrahedron

after which time it was placed in ice to cool. An ab was
injected into the HPLC in order to determine the ng® in
enantiomeric excess. This process was repeatetkatats of 30
min and a graph of In (glee) vs. time was plotted. This entire
process was repeated at three other temperaturethamdte of
racemisation at these temperatures was calculateeseTrates
were subsequently used to draw Arrhenius and Eyriog plom
which the kinetic parameters for racemization weraioled.

General Procedure for the diethylzinc addition to aldehydes
Method A

To a solution o880 (7 mg, 15umol) in toluene (1 mL) at room
temperature was added Zpfd.6 mL, 1 M in hexane, 0.6 mmol)
and the solution was stirred for 30 min. After thize the
solution was cooled to @ and benzaldehyde (3@, 0.3 mmol)
was added. The reaction was stirred for a furtheh 48 0°C
after which time 5% HCI (5 mL) and diethyl ether (2Q) were
added and the organic layer was separated. The asjlager
was extracted with diethyl ether (2 x 5 mL) and thigaaic
layers were combined, washed with brine (10 mL), dogdr
MgSQ,, filtered and concentratech vacuo to yield the crude
product which was purified by column chromatographsero
silica gel (5:1 pentane/EtOAC) to give the pure atdoh

Method B

To ligand30 (40 mg, 85 mmol) was added toluene (4 mL) and
the solution stirred at room temperature for 5 mMifter this time
300 pL of this stock solution (3 mg, @mol, 1 mol %) was
transferred to a Schlenk tube and a further 1 mLtoddene
added. To this solution at room temperature wase@dshEs
(2.2 mL, 1 M solution in hexane, 1.2 mmol) and swution
stirred for 30 min. After this time, the solution wasoled to -20
°C and benzaldehyde (3&., 0.6 mmol) was added. The reaction
was stirred for a further 48 h atQ, after which time 5% HCI (5
mL) and diethyl ether (20 mL) were added and thewiglayer
was separated. The aqueous layer was extracted véthydi
ether (2 x 5 mL) and the organic layers were conthimeshed
with brine (10 mL), dried over MgSQfiltered and concentrated
in vacuo to yield the crude product which was purified by
column chromatography over silica gel (5:1, penat@Ac) to
give the pure product.
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