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Abstract

The synthesis of atropo-enantiomerically pure aminomethyl and hydroxymethyl substituted biaryls derivatives
M-2 andM-3 (and, optionally, their enantiomers), by dynamic kinetic resolution of a racemic lactone precursor,
is described. Their application as chiral catalysts in the asymmetric addition of diethylzinc to aldehydes leads to
excellent enantiomeric ratios of up to 99:1 and high chemical yields. © 1998 Elsevier Science Ltd. All rights
reserved.

1. Introduction

The discovery of asymmetric additions of diorganozinc reagents to aldehydes in the presence of
catalytic amounts of chiral auxiliari@shas initiated a search for other efficient chiral ligands for this
type of reactior?. BesidesB-amino thiols? B-amino thiocarboxylate? piperazine$, oxazaborolidines,
diols2° and titanium complexe¥12especiallyN,N-dialkylated-amino alcohol$like DBNE 11314 or
DAIB 4'5-17have been used as chiral catalysts, often affording virtually enantiopure secondary alcohols.
C,-Symmetric axially chiral biaryl alcohols, however, often utilized as excellent chiral auxiliaries in
asymmetric synthest$, were found to give good ee’s as alkylation catalysts only in polymeric féfms,
in titanium complexe'$ or as biscarboxamidedb,?® while with the cheap BINOl6aitself, no addition
of diethylzinc to benzaldehyde was observed.

With this background in mind we have started to develop a new class of catalysts, which combine the
successfully usel,O- (or O,0-) functionalities with the biaryl axis as a stereogenic element. First efforts
in this field by Chan et al. with the axially chiral pyridylpheriglhowever, gave only moderate to good
enantioselectivitied! In this paper we describe the directed synthesis of enantiopure 2-aminomethyl and

* Corresponding author. E-mail: bringman@chemie.uni-wuerzburg.de

0957-4166/98/$19.00 © 1998 Elsevier Science Ltd. All rights reserved.
PIl: S0957-4166(98)00020-2



668 G. Bringmann, M. Breuning / TetrahedroAsymmetry9 (1998) 667—679

Me Me
Me, NnBu,
OO OO
R OH
OH
on on \ / s
ro Ml ,Me Ho ML Me DAIB 4

DBNE 1 2 2
tBu
M-3 :

M-2 -
/ Me Me \ OO OH
tBu OH [ _— HO,
Me N 2a 2b 3a 3b 3c 6a 6b OO
| ) ; R H Bn R H Me nBu R H CONR, .

R _Me Me nBu

Fig. 1. The novel biaryl® and3 as a combination of structural elements of known chiral ligands in asymmetric synthesis

2-hydroxymethyl substituted 1-(zhydroxy- or 2-alkoxyphenyl)naphthalene derivativks2 andM-3,
and their use as chiral catalysts in the asymmetric addition of diethylzinc to aldehydes (Fig. 1).

2. Results and discussion
2.1. Synthesis of the catalysts

As an efficient access to enantiopunen C,-symmetric biaryl ligands, we chose the ‘lactone method-
ology’, previously developed in our grodp23Key intermediates in this procedure are helically distorted,
but configuratively unstable biaryl lactones like(Scheme 1522 Easily prepared by intramolecular
coupling?® they can be cleaved such that one of the (now configuratively stable) atropisomeric ring
opened biaryl products is formed in high enantio- or diastereoselectivities — by dynamic kinetic resolu-
tion of the atropo-enantiomeric mixturig;7=M-7.22:26-30
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Scheme 1. Alternative pathways M-2b, by atropo-diastereo- or -enantioselective cleavag&. dReaction conditions: (a)
NaH, 1R-menthol, diethyl ether, rt; (b) separation of diastereomers by column chromatography; (c)LTAR, rt; (d) BnBr,
CsCO;5, acetone, rt

An important intermediate in the synthesis of the envisaged catalysts is the biaryl alMePal
Instead of its preparation by highly atropo-enantioselective oxazaborolBlheassisted reduction af
as described previousty;?° we preferred a two-step procedure by atropo-diastereoselective cleavage
(dr 84:16) using B-menthol as a cheap reagent, allowing a facile separation from its (undesired)
diastereomer. Subsequent reduction of stereochemicallyNtB8eyave enantiomerically homogeneous
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M-2a. The minorP-configured diastereomer -8 is not lost, but can be recycled into the process by
cyclization back to7%%23—or can of course be used for the preparation of the enantiomeric reagents
(likewise synthesized, but not shown in Schemes 1 and 2). Mbenzylation ofM-2a gave M-2b.
Alternatively, M-8 can first be benzylated to affoM-9 and then be reduced. Despite the excellent yields
thus obtained, the former route fravh-8 to M-2b via M-2ais preferable, due to the good crystallization
properties of this diol, which allow an additional enantiomeric enrichmés.
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Scheme 2. Synthesis of the axially chiral amino alcolbi8a, b, andc. Reaction conditions: (a) (C&Br),, PPh, CH,Cly, rt;
(b) H,NMe, HNMe,, or HNnBuy; (c) 1. NaH, Ph(Me)NPR¥il~, DMF, rt; 2. HNnBU,, 80°C; (d) BCh, CH,Cl,, 0°C

The transformation oM-2b into the target biarylsM-3a, b, andc, was straightforward, as shown
in Scheme 2: Hydroxy—halogen exchange with (§B2),/PPh3! gaveM-10,3%33which was converted
into M-11a b, andc, respectively, by reaction in the amines as the solvents. Compllitdic was
also prepared directly frorkl-2b, after activation of the OH group with Ph(Me)NPPh™ (Murahashi’s
reagentf* but this route was practical only for the high-boiling HBU,, because of the reaction
temperatures needed. The resulting oilsMflla b, and ¢ were converted into white powders by
precipitation as hydrochlorides from diethyl ether:petroleum ether. Debenzylation gave the unprotected
amino alcoholdM-3a, b, andc. These enantiopure biaryls are thus accessible from the racemic lactone
precursofr7 in five or six simple tranformations and good yields.

2.2. Application of the catalysts to the asymmetric addition of diethylzinc to aldehydes

In order to study the efficiency of the chiral biaryls as catalysts, we selected the asymmetric addition
of diethylzinc to benzaldehydé&2a in n-hexane at 20°C as a test reaction, using a 1:3:0.2 molar
ratio for 12adiethylzinc:catalysg. The enantiomeric ratio of the product, 1-phenyl-1-propatd, was
determined by HPLC analysis on a Chiracel OD-H column (for conditions, see Experimental Section).

o) biaryl catalyst H20 Et OH stereo-
+  EtoZn - g —_— ~
R)J\H 2 20r3 F{/LH analysis
2 42,13 a b c d 13

R Ph 1-naphthyl E-PhCH=CH n-hexyl

Scheme 3. The asymmetric addition of diethylzinc to the aldehgges

In initial investigations, the biaryl alcohold-2 and the amino alcohols!-3aandP-3b, c were tested
for their potentials as chiral catalysts. In contrast to thesgmmetric BINOL6a,° the dialcoholM-
2a and its monobenzyl ethé-2b did catalyze the addition of diethylzinc tta (see Table 1, entries
1-3 and Scheme 3). The er’s of the proda8s however, were only moderate. ‘Preheating’ of the
alcohol catalyst-2a with 1.0 equivalents of diethylzinc according to Joshi efakhich should lead
to a more rigid eight-membered cyclic monozinc dialkoxide structure and thus to more differentiated
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diastereomeric transition states, gave slightly decreased asymmetric inductions, instead (entry 1 versus
2).

Table 1
Asymmetric addition of diethylzinc to benzaldehyti2a catalyzed by2 and3

entry®  biaryl catalyst reaction time ~ conversion®  configuration® er?
No. (20 mol%) [h] [%]

1 M-2a 48 quant. R 79:21

2 M-2a° 16 quant. R 76 : 24

3 M-2b 16 ca 50% R 85:15

4 M-3a 16 ca 50% R 86: 14

5 P-3b 16 quant. N 2:98

6 P-3c 16 quant. S 1:99

2All reactions were performed in n-hexane at 20°C using a 1:3:0.2 molar ratio for 12a:diethylzinc:catalyst.
°Conversions were estimated by TLC. “Based on the sign of specific rotation for the known® compound
13a. “Determined by HPLC analysis (Chiracel OD-H). “Equimolar amounts of M-2a and diethylzinc were
‘preheated’ for 1 h at 70-80°C, prior to the alkylation reaction.’”

For the secondary aminkl-3a, again a moderate enantiomeric ratio was obtained (entry 4). By
contrast, the tertiary amineB-3b and P-3c gave excellent er's of up to 99:1 (entries 5 and 6).
Earlier investigations by Soai et al. witd,N-dialkylnorephedriné$ and by Noyori et al. withN,N-
dialkylaminoisoborneold as catalysts in the ethylation @2a had shown a strong dependence of the
enantiomeric ratio on the substituents of the amino function. The optical purity of the product increased
with the length of thé\-alkyl chains, with an optimum chain length of four carbon atdfris.accordance
with that report the catalytic properties of therdbutyl amineP-3c were even better than those of the
N,N-dimethyl compoundP-3b (entry 5 versus 6).

Based on this promising first result witt3c, the enantioselective addition of diethylzinc 1@a
catalyzed byP-3cwas further optimized. Thus, reduction of the quantity of the catéy&t showed that
even with 2 mol% no major loss of selectivity occurred (Table 2, entries 1-4). Disadvantages like the
required longer reaction times and the slightly diminished enantiomeric ratios were not observed when
upscaling the reaction (see Table 3, entry 1). Both a change of the solvennfhaxane to toluene
(entry 5) and a variation of the temperature (entries 6 and 7) caused a decrease in enantiomeric excesses.
In previous reactions with DPMPM [diphenyl¢iethylpyrrolidin-2 -yl)methanol] as the catalyst, an
increase in enantioselectivity had been observed if the lithium alkoxide was taken instea@-aintieo
alcohol itself®® Deprotonation oP-3cwith n-butyllithium, however, resulted in a strong decrease of the
er (entry 8 versus 2). The addition of 0.50 equivalents of lithium chloride to the reaction mixture did
not give rise to a significant salt effect on the asymmetric induction as found recently forlsamao
alcohols36:37

In further investigations, the more easily available enantiomeric cati®ly3t was used instead of
P-3c, now resulting inR-13aas the main product in the asymmetric ethylation of benzaldehgdeln
contrast to the remarkable nonlinear relationship in the addition of diethylzit2aoatalyzed by DAIB
4, which, in the presence of.g, 8 mol%4 of only 15% optical purity, led td3ain 95% ee16 a fully
linear relationship was observed for the usévbBc as the catalyst (Fig. 2). ApparentM-3c does not
form chemically stable, catalytically inactiveesozinc clusters agd does.

Finally, the use ofM-3c as a catalyst in the addition of diethylzinc was extended to some other
aldehydes (Table 3). All reactions were carried out under optimized conditions with 1.0 mmol aldehyde,
2 mol% catalystM-3c, and 2.0 equivalents of diethylzinc mhexane at 20°C. The crude products were
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Table 2
Optimization of the ethylation of benzaldehyti2awith P-3c as the chiral catalyst, to giv&@13a

entry® P-3c solvent temperature  reaction time er®

No. [mol-%] [°C] [h] [%]
1° 20 n-hexane 20 16 1:99
2 10 n-hexane 20 16 1:99
3 5 n-hexane 20 48 3:97
4 n-hexane 20 72 3:97
5 10 toluene 20 16 4:96
6 10 n-hexane 0 16 4:96
7 10 n-hexane 40 16 9:91
8¢ 10 n-hexane 20 16 11:89
9° 10 n-hexane 20 16 2:98

®All reactions were performed using a 1:2 molar ratio for 12a:diethylzinc. Conversions were
estimated to be quantitative by TLC. "Determined by HPLC analysis (Chiracel OD-H). 3.0
equivalents of diethylzinc were used. 4An equimolar amount of n-butyllithium was added to the
catalyst. °0.50 equivalents of lithium chloride were added to the catalyst.

Table 3
Enantioselective addition of diethylzinc to aldehyd@satalyzed by 2.0 mol% d¥1-3c

entry® aldehyde yield® configuration® er®
No. [%] [%]
1 12a 95 R 99:1
2 12b 98 R 98:2
3 12¢ 94 R 92:8
4 12d 88 R 96 : 4”

?All reactions were performed in n-hexane at 20°C for 16h using a 1:2:0.02 molar ratio for
12:diethylzinc:catalyst M-3c. "Isolated yield after bulb-to-bulb distillation (conversion
estimated by TLC: quantitative in all cases). “Based on the sign of optical rotation for the
known®** compounds 13. *Determined by HPLC analysis (Chiracel OD-H). ‘Determined
by YFNMR spectroscopy after derivatization with S-Mosher acid chloride.®®
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Fig. 2. Linear correlation between the ee’s of the chiral auxilishdc, and the produck-13a
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purified by bulb-to-bulb distillation and the er's were analyzed by HPLC on a Chiracel OD-H phase
or, for 3-nonanoll3d, by °F NMR spectroscopy after esterification wBiMosher acid chlorid® (for
conditions, see Experimental Section).

As illustrated in Table 3M-3c catalyzed the asymmetric ethylation of various aldehydzgiving
the ethyl carbinols in more than 88% isolated yield, with high to excellent enantiomeric ratios of more
than 92:8, even for the sometimes problentatimg-chain aliphatic aldehyde2d.

In conclusion, the novel axially chiral biaryl amino alcohdfs3 prepared have been found to be
efficient catalysts in the asymmetric addition of diethylzinc to aldehyd@e& speciallyM-3c catalyzes
the ethylation of various aldehydes in high yields with excellent enantiomeric ratios of up to 99:1. Thus,
M-3crepresents the firston C,-symmetric,N,O-functionalized chiral biaryl catalyst to give comparably
good enantioselectivities as the well examined aliphftemmino alcohols. The preparation of further
non Cz-symmetric axially chiral biaryls and the investigation of their use as catalysts in the addition of
various other organozinc reagents to aldehydes, are in progress.

3. Experimental

Melting points were determined with an Kofler hot plate apparatus and are uncorrected. IR spectra
were recorded on a Perkin—Elmer 1420 infrared spectrophotometer and are reported in wave numbers
(cm™). 'H NMR, 13C NMR and!®F NMR spectra were taken on a Bruker AC 200 (200 MHz), AC
250 (250 MHz) or AMX 400 (400 MHz). Chemical shifts are given in parts per million (ppm) with the
deuterated solvent as an internal reference. Coupling conslaate,given in hertz. IA3C NMR spectra,
sometimes not all quaternary Ar—C signals were detected due to their similar shifts and to theig long T
relaxation times. Mass spectra were recorded on a Finnigan MTA 8200 spectrometer at 70 eV in the El
mode. Optical rotations were measured on a Perkin—Elmer 241 MC polarimeter. HPLC analyses were
carried out with a combination of a Waters M 510 pump, a Chiracel OD-H column (Daicel Chem. Ind.
Ltd, 4.6 mmx250 mm) and an ERC-7215 UV-detector.

Diethylzinc andS-Mosher acid chloride were purchased from AldricR-rhenthol (>99% ee) from
Fluka. All aldehydes were distilled before use and stored under argon. NaH was washed with pentane
before use, gaseous methylamine and dimethylamine were prepared from the corresponding hydrochlo-
rides with KOH in a small amount of water. THF was freshly distilled from potassium. Diethyl ether,
toluene ana-hexane were distilled from sodium wire and stored over molecular sieves 4A. All reactions
were carried out with dry glassware under an argon atmosphere. The Schlenk tube technique was used
for the asymmetric addition of diethylzinc to aldehydes.

3.1. Atropo-diastereoselective ring opening of lact@neith sodium R-mentholate

To 1IR-menthol (5.06 g, 32.4 mmol) in diethyl ether (200 ml) NaH (778 mg, 32.4 mmol) was added
cautiously at room temperature. After gas evolution had ended and a further 30 min of stirring, the
lactone7 (4.45 g, 16.2 mmol) was added to the cloudy reaction mixture, which was stirred until complete
conversion was detected by TLC (petroleum ether:diethyl ether 1:1). Water (200 ml) was added carefully,
the solution was acidified with 2 N HCI and extracted with diethyl ethet2@0 ml). The organic
phase was dried over MgQ@nd the solvent was removéal vacuo Chromatographic separation of
the residue on silica gel (petroleum ether:diethyl ether-3@:1) yielded the diastereomeric menthyl
esters?-8 (1.08 g, 2.51 mmol, 15%, chromatographically more rapid)r8l (5.39 g, 12.5 mmol, 77%,
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chromatographically less rapid) as slightly yellow oils, which gave colorless crystals from petroleum
ether:diethyl ether.

1"R-Menthyl P-1-(2-hydroxy-4,6 -dimethylphenyl)-2-naphthoaté-8: mp 147-149°C; §]p?°
—43.2 € 0.31, EtOH); IR (KBr):v 3300, 2940, 1650, 1600, 1310, 1130, 778, NMR (250 MHz,
CDClz): 6 0.53-1.83 (m, 8H, menthyl H), 0.67 (86.7 Hz, 3H, menthyl Ch), 0.81 (d,J=7.0 Hz, 3H,
menthyl CH), 0.84 (d,J=6.7 Hz, 3H, menthyl Ch), 1.76 (s, 3H, 6:CH3), 2.38 (s, 3H, 4CHj3), 4.45
(s, 1H, OH), 4.74 (dtJ=10.7 Hz,J=4.3 Hz, 1H, 1'-H), 6.72 (s, 2H, 3H and 3-H), 7.40-7.52 (m, 2H,
Ar-H), 7.57 (m, 1H, Ar—H), 7.90-8.00 (m, 3H, Ar—H)*:3C NMR (63 MHz, CDC}): § 16.04, 19.68,
20.83, 21.30, 22.00 (CH and GH 23.14 (CH), 25.99, 31.22 (CH and G3ji 34.19, 39.94 (Ch),
46.70 (CH or CH), 75.21 (C-1'), 113.8, 122.2, 123.0, 125.6, 126.5, 127.4, 127.8, 128.2, 128.7, 131.2,
132.5, 133.8, 134.9, 137.6, 138.8, 153.3 (Ar-C), 167.9Q%; MS: m/z(%) 430 (12) [M], 292 (35)
[M*—C10H18 (menthene)], 274 (100) [fgH1402"], 231 (6), 202 (5). Anal. calcd for £gH3403 (430.6):
C, 80.83; H, 7.96. Found: C, 80.84; H, 7.74.

1" R-Menthyl M-1-(2 -hydroxy-4 ,6' -dimethylphenyl)-2-naphthoatd-8: mp 108°C; x]p2° —84.5 ¢
0.30, EtOH); IR (KBr):v 3400, 2940, 1690, 1560, 1450, 1270, 1130, #60NMR (250 MHz, CDC}):
6 0.60-1.70 (m, 8H, menthyl H), 0.70 (&:7.0 Hz, 3H, menthyl Ch), 0.81, 0.85 (d, dJ=7.0 Hz each,
3H each, menthyl Ck), 1.80 (s, 3H, 6:CHs), 2.38 (s, 3H, 4CHs), 4.45 (s, 1H, OH), 4.78 (dt]=10.7
Hz,J=4.4 Hz, 1H, 1I'-H), 6.71, 6.74 (s, s, 1H each-Bl and 8-H), 7.37—-7.52 (m, 2H, Ar—H), 7.57 (m
1H, Ar-H), 7.93 (d J=7.9 Hz, 1H, Ar—H), 7.97 (m 2H, Ar—H); 3C NMR (63 MHz, CDC}): § 15.88,
19.74, 20.94, 21.32, 21.97 (CH and H22.93 (CH), 25.78, 31.25 (CH and G3), 34.16, 40.07 (CH),
46.75 (CH or CH), 75.10 (C-1), 113.6, 122.1, 122.9, 125.8, 126.6, 127.3, 127.8, 128.1, 128.6, 130.8,
132.5, 134.1, 135.0, 137.8, 138.7, 153.1 (Ar-C), 167.2Q¢; MS: m/z(%) 430 (13) [M], 292 (36)
[M*—CyoH18 (menthene)], 274 (100) [GH140,7], 231 (6), 202 (5). Anal. calcd for £H3403 (430.6):
C, 80.83; H, 7.96. Found: C, 81.08; H, 8.25.

3.2. M-1-(2 -Hydroxy-4,6'-dimethylphenyl)-2-hydroxymethylnaphthalévie2a

LiAIH 4 (3.57 mg, 94.1 mmol) was added at room temperature cautiously to a solutiddrBq#.05
g, 9.41 mmol) in THF (100 ml). After 1 h of stirring the reaction mixture was hydrolyzed carefully with
water (100 ml), acidified with 2 N HCI and extracted with diethyl ethex180 ml). The organic phase
was dried over MgS@ the solvent was removead vacuoand the remaining menthol was distilled off
in vacua Chromatography of the residue on silica gel (petroleum ether:diethyl etherlf) afforded
the alcoholM-2a (2.51 g, 9.02 mmol, 96%) as a slightly yellow oil, which gave colorless crystals from
petroleum ether:diethyl ether (2.38 g, 8.55 mmol, 91%). HPLC analysis on a chiral phase [Chiracel OD-
H, solvent:n-hexane-PrOH 95:5, detection at 280 nm, flow rate 1.0 ml/mgx15 min (M), tr=23 min
(P)] gave >99.8:0.2 er. The spectroscopic data were identical to those of material previously obtéted.
Remark Larger quantities of residual menthol, as remaining from the preparatidn-&f did not
disturb the reduction, if LiAlH was used in excess. Crystallization was found to be an excellent device
for the conversion of enantiomerically enrichédi2a (er>95:5) into virtually enantiopure material
(er>99.8:0.2).

3.3. I’R-MenthylM-1-(2 -benzyloxy-4,6'-dimethylphenyl)-2-naphthoatd-9
The menthyl estev-8 (1.01 g, 2.35 mmol), benzyl bromide (558 ml, 804 mg, 4.70 mmol) an€Os

(1.53 g, 4.70 mmol) were dissolved in acetone (50 ml) and stirred for 12 h at room temperature. The sol-
vent was removeth vacuoand the residual benzyl bromide was distilled iofizacua Chromatography
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on silica gel (petroleum ether:diethyl ether 10:1) resulteMi® (1.17 g, 2.25 mmol, 96%) as a slightly
yellow oil: [«]p?? —58.6 € 0.19, CHC4); IR (film): v 3040, 2930, 2910, 2850, 1690, 1600, 1560, 1270,
1125, 1095, 765'H NMR (250 MHz, CDC4): & 0.55 (q,J=11.0 Hz, 1H, menthyl H), 0.64 (d=7.0

Hz, 3H, menthyl CH), 0.70-1.83 (m, 7H, menthyl H), 0.76 (d=6.7 Hz, 3H, menthyl Ck), 0.80 (d,
J=7.0 Hz, 3H, menthyl Ch), 1.86 (s, 3H, 6:CH3), 2.40 (s, 3H, 4CHj3), 4.72 (dt,J=10.7 Hz,J=4.3

Hz, 1H, 1'-H), 4.83, 4.89 (d, dJ=12.8 Hz each, 1H each, OGPh), 6.68, 6.79 (s, s, 1H eacH;d and
5'-H), 6.89 (m, 2H, Ar—H), 7.11 (m, 3H, Ar—H), 7.36 (m, 1H, Ar—H), 7.46-7.55 (m, 2H, Ar-H), 7.90
(d, J=8.5 Hz, 2H, Ar-H), 8.05 (dJ=8.5 Hz, 1H, Ar—H);*3C NMR (63 MHz, CDC}): § 15.95, 19.79,
20.85, 21.71, 22.05 (CH and GH 23.02 (CH), 25.81, 31.19 (CH and G3), 34.27, 40.21 (Ch), 46.81
(CH or CHg), 69.69 (OCHPh), 74.31 (C-1), 110.8, 123.2, 125.4, 126.0, 126.3, 126.4, 127.0, 127.2,
127.9,128.0, 129.1, 132.5, 134.9, 137.5, 137.7, 137.9, 138.1, 156.0 (Ar—C), 16505;(®S: m/z(%)
520 (4) [M*], 382 (10) [M*—CioH1g (menthene)], 275 (13) [GH150,7], 274 (35) [GigH140-*], 107
(26) [C;H70"], 91 (100) [GH7'], 79 (21) [GH7*]; HR-MS: m/zcalcd for GgH4003: 520.298. Found:
520.299.

3.4. M-1-(2 -Benzyloxy-4,6'-dimethylphenyl)-2-hydroxymethylnaphthalévie2b

FromM-2a In analogy to the benzylation &f-8, M-2a (2.00 g, 7.19 mmol) was stirred with benzyl
bromide (1.70 ml, 2.46 g, 14.4 mmol) and %3 (4.68 g, 14.4 mmol) in acetone (100 ml) for 12 h at
room temperature. After removal of excessive benzyl bronmdacuq the residue was chromatographed
on silica gel (petroleum ether:diethyl ether 18:1:1) to yield M-2b (2.57 g, 6.97 mmol, 97%) as a
slightly yellow oil, the spectroscopic data of which were identical to material previously obt&ined.

FromM-9: M-9 (1.17 g, 2.25 mmol) was reduced in THF (30 ml) at room temperature with LAIH
(853 mg, 22.5 mmol) as described in the preparatioMela. After removal of the menthadh vacuq
chromatography of the residue on silica gel (petroleum ether:diethyl etherl4l] affordedv-2b (805
mg, 2.19 mmol, 97%) as a slightly yellow oil.

3.5. M-1-(2 -Benzyloxy-4,6'-dimethylphenyl)-2-bromomethylnaphthaleviel 0

M-2b (600 mg, 1.63 mmol), PRh854 mg, 3.26 mmol) and (C&Br), (1.06 g, 3.26 mmol) were
dissolved in dichloromethane (10 ml) and stirred for 30 min at room temperature. The solvent was
removedin vacuoand the residue was chromatographed on silica gel (petroleum ether:diethyl ether
10:1) to yield inM-10 (689 mg, 1.60 mmol, 98%) as a yellow oikx]p%® —83.0 € 0.1, EtOH); CD:
A8213 —135.5,A8217 —117.7,A8224 —157.3,A8239 +194.0,A5273 —0.5, A8295 —64.1; IR (KBI’)Z A%
3040, 3020, 2940, 2900, 2840, 1600, 1560, 1090, 815, #SMNMR (200 MHz, CDC}): & 1.96 (s,
3H, 6 -CHj3), 2.46 (s, 3H, 4CHj3), 4.46, 4.50 (d, dJ=11.2 Hz each, 1H each, GHr), 4.92, 4.99 (d, d,
J=16.2 Hz each, 1H each, OGH 6.78-7.00 (m, 4H, Ar-H), 7.14-7.20 (m, 3H, Ar-H), 7.32-7.56 (m,
3H, Ar-H), 7.71 (d J=8.5 Hz, 1H, 3-H or 4-H), 7.90 (m, 1H, 8-H), 7.92 @8.5 Hz, 1H, 3-H or 4-H);
13C NMR (50 MHz, C30D): § 19.98, 21.70 (CH at C-4 and CH at C-8), 33.14 (CHBr), 69.86
(OCHy), 111.2, 123.4, 123.8, 126.1, 126.2, 127.2, 127.5, 128.0, 128.1, 132.5, 133.2, 133.4, 135.2, 137 .4,
138.8, 156.2 (Ar-C); MSm/z(%) 432/430 (6/6) [M], 351 (4) [M*—Br], 260 (100) [M"—C7H-Br], 245
(17). Anal. calcd for GgH23BrO (431.4): C, 72.39; H, 5.37. Found: C, 71.99; H, 5.53.

CompoundP-10was prepared analogously fraP8 via P-2b.
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3.6. General procedure A for the preparation of the benzylated anihé4 from M-10

A solution ofM-10in dichloromethane (2—4 mli/mmafi-10) was added to the amine (for the primary
amine BNMe, also 2.00 equivalents of the amine hydrochloride were added) and stirred until complete
conversion was detected by TLC (deactivated silica gel, petroleum ether:acetone 6:1). The amine was
removed (for HMBU, in vacug, the resulting oil was dissolved in diethyl ether and water (20 ml/mmol
M-10 each), alkalized with KCOs and exhaustively extracted with diethyl ether. The combined organic
layers were dried over MgS{and the solvent was remové@dvacua For characterization, the resulting
oily M-11 was precipitated as a white solid from a solution in a little diethyl ether:petroleum ether
1:1, by passing HCI gas over the solution, and collected by filtration. A second crop was obtained by
concentration of the mother liquor.

3.7. M-1-(2 -Benzyloxy-4,6'-dimethylphenyl)-2N-methylaminomethyl)naphthalei-11a

According to the general procedure M-10 (2.12 g, 4.91 mmol) and $#NMe*CIl~ (644 mg, 9.82
mmol) were added to #NMe (ca. 200 ml) in a three-necked flask with a dry ice condenser. After 1 h
of stirring at room temperature, the solution was worked up, yieltMn@yla(1.85 g, 4.85 mmol, 99%).
For characterization a small amouvit11a-HCI was precipitated as a white solid: mp 82—87°&}J%°
+20.4 € 0.35, EtOH); IR (KBr):v 3380, 3200—-2200, 2920, 1595, 1555, 1440, 1085, 1065, 810, 740,
690;H NMR (250 MHz, CD»0D): § 1.81 (s, 3H, 6-CHg), 2.44 (s, 6H, 4CHz and NCH), 3.92, 4.19
(d, d,J=13.5 Hz each, 1H each, GN), 4.88, 5.00 (d, dJ=11.8 Hz each, 1H each, OG}H 6.75-6.79
(m, 2H, 3-H and 3-H), 6.93—-7.14 (m, 5H, Ar-H), 7.30 (br. d=7.9 Hz, 1H, Ar-H), 7.43, 7.57 (m
1H each, Ar-H), 7.64 (d)=8.6 Hz, 1H, 3-H or 4-H), 7.99 (d]=8.2 Hz, 1H, 8-H), 8.04 (d)J=8.6 Hz,
1H, 3-H or 4-H);13C NMR (63 MHz, C;OD): § 19.86, 21.72 (Chlat C-4 and CH at C-6), 33.03,
51.55, 71.47 (CkN, NCHs; and OCH), 113.2, 124.1, 125.4, 126.2, 127.2, 128.0, 128.1, 128.8, 129.3,
129.4, 129.9, 133.8, 135.3, 138.1, 139.6, 141.3, 157.4 (Ar-C); iI8(%) 381 (37) [M'—HCI], 366
(14) [MT—=CHQq4CI], 350 (60) [M*—CHgCIN], 290 (100) [M"—C7HgCl], 259 (69) [GoH1507], 91 (30)
[C7H7*]; HR-MS: m/zcalcd for G7H»7NO: 381.209. Found: 381.210.

3.8. P-1-(2 -Benzyloxy-4,6'-dimethylphenyl)-2N,N-dimethylaminomethyl)naphthaleifel 1b

According to the general procedure 2,10(800 mg, 1.85 mmol) was added to HNMga. 50 ml) in a
three-necked flask with a dry ice condenser. After 30 min of stirring at room temperature, the solution was
worked up andP-11b-HCI (621 mg, 1.44 mmol, 78%) was precipitated as a white solid: mp 89-91°C;
[«]p?° —23.7 € 1.0, CHC}); IR (KBr): v 3600-3100, 2920, 2880, 2750-2100, 1590, 1555, 1435, 1300,
1080, 1065, 805, 745, 698H NMR (250 MHz, CDC}): 6 1.80 (s, 3H, 6-CH3), 2.41, 243 (s, s, 9H,
4’-CHz and N(CH),), 3.68, 3.96 (d, dJ=11.4 Hz each, 1H each, GN), 4.83, 4.88 (d, dJ=13.4 Hz
each, 1H each, OCH 6.70-6.77 (m, 2H, Ar-H), 6.79, 6.85 (s, s, 1H eachH3and 8-H), 7.04-7.16
(m, 3H, Ar—H), 7.26-7.39 (m, 2H, Ar—H), 7.49 gnLH, Ar—H), 7.90 (dJ=8.2 Hz, 1H, 8-H), 7.96, 8.15
(d, d,J=8.5 Hz each, 1H each, 3-H and 4-HJC NMR (63 MHz, CDC}): § 19.79, 21.71 (Chlat C-4
and CH; at C-8), 43.58 (N(CH)2), 59.41, 70.08 (NChland OCH), 111.4, 123.5, 124.1, 126.1, 126.3,
126.4, 126.5, 127.6, 128.2, 128.2, 128.6, 132.3, 133.5, 136.6, 138.5, 139.2, 156.1 (Ar—@){2{®5)

395 (44) [M"—HCI], 380 (14) [M"—CH4CI], 350 (82) [M"—C,;HgCIN], 304 (24) [M"—C;HgCl], 259
(100) [CgH150%], 91 (22) [G/H7*], 58 (11) [GHgN*]; HR-MS: m/z calcd for GgHogNO: 395.225.
Found: 395.226.



676 G. Bringmann, M. Breuning / TetrahedroAsymmetry9 (1998) 667—679

3.9. P-1-(2 -Benzyloxy-4,6'-dimethylphenyl)-2N,N-di-n-butylaminomethyl)naphthaleri@ 11c

According to the general procedure B,10 (784 mg, 1.82 mmol) was dissolved in HRu, (10 ml)
and heated for 1 h at 120°C. Work up and precipitation g&ld.c-HCI (883 mg, 1.71 mmol, 94%) as a
white solid: mp 65-68°C;d]p?° —29.0 € 0.78, CHC}); IR (KBr): v 3600-3100, 2940, 2700-2100,
1595, 1555, 1440, 1085, 730, 6984 NMR (200 MHz, CDC§): 6 0.61-0.93 (m, 8H, 2 ChCHa3,
CH»CHa), 1.14-1.63 (m, 6H, 38,CHy), 1.81 (s, 3H, 6:CHa), 2.44 (s, 3H, 4CHs), 2.44-2.56 (m,
1H, NCHHCHy), 2.75-2.93 (m, 3H, NEHCH, and NCH>CHy), 3.90 (dd,J=13.2 Hz,J=7.1 Hz, 1H,
CHHN), 4.28 (dd,J=13.0 Hz,J=4.8 Hz, 1H, CHHN), 4.81, 4.87 (d, dJ=11.9 Hz, 1H each, OCH,
6.62 (m, 2H, Ar—H), 6.82 (s, 2H, 3H and 8-H), 6.99-7.23 (m, 3H, Ar-H), 7.31-7.40 (m, 2H, Ar—H),
7.52 (m, 1H, Ar—H), 7.93 (d J=8.1 Hz, 1H, 8-H), 8.00 (dJ=8.7 Hz, 1H, 3-H or 4-H), 8.51 (d]=8.6
Hz, 1H, 3-H or 4-H);13C NMR (63 MHz, CDC%): § 13.42 (2 CHCHz), 19.79 (CH at C-4 or CHz at
C-6'), 20.06 (2CH,CHy), 21.64 (CH at C-4 or CHz at C-6), 24.56, 25.50 (H,CH,), 51.14, 52.64,
54.71 (2 NCH,CH, and CHN), 70.29 (OCH), 111.6, 123.2, 124.2, 126.2, 126.4, 126.6, 127.1, 127.6,
128.2, 128.2, 128.9, 132.2, 133.6, 136.3, 138.5, 139.5, 156.0 (Ar—C)mive$%) 479 (28) [M' —HClI],
436 (91) [M'—C3HgCl], 351 (34) [M*—CgH19CIN], 260 (57) [GgH1607], 259 (100) [GoH150%], 91
(54) [C7H7*]; HR-MS: m/zcalcd for G4H41NO: 479.319. Found: 479.3109.

3.10. M-11cFromM-2b

To M-2b (888 mg, 2.41 mmol) in DMF (20 ml), NaH (63.6 mg, 2.65 mmol) was added cautiously.
After 30 min of stirring at room temperature, Ph(Me)NBAh (1.31 g, 2.65 mmol) was given to the
solution, which was stirred again for 30 min. HRBu, (963 ul, 739 mg, 4.82 mmol) was dropped in via
a syringe and the reaction mixture was heated for 2 h at 80°C. Water (50 ml) was added, the solution was
extracted with diethyl ether (650 ml) and the organic phase was dried over MgS&fter removal of
the solventn vacuq the residue was chromatographed on deactivated silica gel (7.5%pp¢ttoleum
ether:diethyl ether 6:1) to yiel-11b (1.04 g, 2.17 mmol, 90%) as a yellow oil, along with unreacted
starting materiaM-2b (44.5 mg, 121umol, 5%). For comparison of the NMR spectroscopic data of
those withP-11b-HCI, a small amount of1-11bwas converted inttM-11b-HCI as described above.

3.11. General procedure B for the debenzylation of the amides

To a solution of the aminglin dichloromethane (10 ml/mmadll), 2.0 equivalents (3.0 equivalents for
the amine hydrochloridekl-HCI) of a 1.0 M solution of BG in hexane were added at 0°C. After 40 min
of stirring, the reaction mixture was hydrolyzed cautiously with water (15 ml/nitipimade alkaline
with Ko,COs and exhaustively extracted with dichloromethane. The combined organic layers were dried
over MgSQ and the solvent was removéedvacua The resulting oily8 was purified by chromatography.

3.12. M-1-(2 -Hydroxy-4,6'-dimethylphenyl)-2N-methylaminomethyl)naphthaleiv-3a

According to the general procedure Bi-11a (1.85 g, 4.85 mmol) in dichloromethane (50 ml)
was debenzylated with 9.70 ml (9.70 mmol) of a 1.0 M BGblution. Chromatography on deac-
tivated silica gel (7.5% Ng| diethyl ether:methanol 100:05:1) and subsequent precipitation from
dichloromethane:diethyl ether:pentane gawe3a (1.40 g, 4.80 mmol, 99%) as a white solid: mp
199-203°C; §]p?° —13.8 € 0.37, EtOH); IR (KBr):v 3220, 2930, 2750, 2700, 1595, 1575, 1560,
1440, 1295, 810, 743H NMR (250 MHz, CDC}): § 1.67 (s, 3H, 6-CHa), 2.24 (s, 3H, 4CHjy), 2.33
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(s, 3H, NCH), 3.68, 3.84 (d, dJ=12.2 Hz each, 1H each, GN), 6.73, 6.91 (s, s, 1H each’-Bl and
5'-H), 6.97 (br. s, 2H, NH and OH), 7.32 gn2H, Ar—H), 7.40-7.48 (m, 1H, Ar-H), 7.60, 7.78 (d, d,
J=8.5 Hz each, 1H each, 3-H and 4-H), 7.79 J&8.2 Hz, 1H, 8-H);13C NMR (63 MHz, CDC}): §
19.91, 21.24 (Chlat C-4 and CH at C-8), 33.77 (NCH), 53.39 (CHN), 116.3, 122.2, 123.2, 126.3,
126.5, 126.7, 127.5, 128.0, 128.2, 129.4, 132.7, 133.8, 136.5, 138.0, 139.4, 154.4 (Ar—@){2®5)
291 (58) [M], 276 (30) [M*—CHg], 260 (85) [GgH1607], 259 (100) [GoH150%], 245 (38), 215 (24);
HR-MS: m/zcalcd for GgH21NO: 291.162. Found: 291.163.

3.13. P-1-(4',6'-Dimethyl-Z-hydroxyphenyl)-2,N-dimethylaminomethyl)naphthalefe3b

According to the general procedure B,11b-HCI (491 mg, 1.14 mmol) in dichloromethane (12 ml)
was debenzylated with 3.41 ml (3.41 mmol) of a 1.0 M B&blution. Chromatography on deactivated
silica gel (7.5% NH, petroleum ether:diethyl ether 2:1) affordPe3b (261 mg, 1.86 mmol, 75%) as
a slighty yellow oil: [x]p?° +90.4 € 0.82, CHC}); IR (KBr): v 3500-2000, 3010, 2920, 2800, 1595,
1440, 1300, 1035, 835, 8084 NMR (250 MHz, CDC}): § 1.65 (s, 3H, 6-CHs), 2.25, 2.38 (s, s, 9H,
4'-CHz and N(CH)»), 3.13, 3.74 (d, dJ=11.8 Hz each, 1H each, GN), 5.30 (s, 1H, OH), 6.75, 6.86
(s, s, 1H each,’3H and 3-H), 7.27-7.33 (m, 2H, Ar—H), 7.39-7.47 (m, 1H, Ar—H), 7.41 Jd8.2 Hz,
1H, 3-H or 4-H), 7.83 (dJ=8.5 Hz, 1H, 8-H), 7.85 (d)=8.2 Hz, 1H, 3-H or 4-H)3C NMR (63 MHz,
CDCl): § 20.14, 21.27 (CHat C-4 and CH at C-8), 44.34 (N(CH)2), 63.29 (CHN), 118.7, 123.2,
125.7,125.8, 126.3, 126.4, 127.2, 127.9, 128.2, 133.3, 133.3, 133.5, 136.5, 137.8, 138.7, 156.0 (Ar-C);
MS: m/z(%) 305 (99) [M], 304 (17) [M"—H], 290 (50) [M"—CHjg], 260 (100) [GgH170%], 259 (88)
[C19H160%], 245 (45), 58 (19) [GHgN™]. Anal. calcd for G1H23NO (305.4): C, 82.58; H, 7.59; N, 4.58.
Found: C, 82.19; H, 7.70; N, 4.29.

3.14. M-1-(4,6'-Dimethyl-2-hydroxyphenyl)-2N,N-di-n-butylaminomethyl)naphthalenéd-3c

According to the general procedure B;11c (988 mg, 2.08 mmol) in dichloromethane (40 ml) was
debenzylated with 5.20 ml (5.20 mmol) of a 1.0 M BQolution. Chromatography on deactivated
silica gel (7.5% NH, petroleum ether:diethyl ether 8:1) gave3c (794 mg, 2.04 mmol, 99%) as a
slighty yellow oil: [x]p?° +15.8 € 1.2, CHC}); IR (KBr): v 3600-2100, 3010, 2930, 2840, 1595, 1440,
1300, 830, 805:H NMR (250 MHz, CDC}): § 0.61-0.93 (m, 6H, 2 CpCH3), 1.10-1.50 (m, 8H, 4
CH>CHy), 1.65 (s, 3H, 6:CHz3), 2.28-2.38 (m, 2H, NH,CH>), 2.38 (s, 3H, 4CHjs), 2.55-2.68 (m, 2H,
NCH,CHy,), 3.31, 3.75 (d, d)=11.9 Hz each, 1H each, GN), 6.75, 6.83 (s, s, 1H each,-8l and 3-H),
7.29-7.46 (m, 2H, Ar—H), 7.35-7.46 (m, 1H, Ar—H), 7.42 J&8.2 Hz, 1H, 3-H or 4-H), 7.81 (d]=8.5
Hz, 1H, 8-H), 7.85 (dJ=8.2 Hz, 1H, 3-H or 4-H)}3C NMR (63 MHz, CDC}): § 13.96 (2 CHCHy3),
20.11 (CH at C-4 or CHz at C-8), 20.74 (2CH,CHy), 21.24 (CH at C-4 or CH; at C-8), 27.26 (2
CH,CH>), 52.39 (2 NCH,CHy), 58.82 (CHN), 119.1, 123.2, 125.7, 125.9, 126.3, 126.4, 126.9, 127.8,
128.8, 133.3, 133.4, 133.7, 136.5, 137.6, 138.5, 155.7 (Ar—C);i3(%) 389 (20) [M'], 346 (50)
[M*—CgH7], 261 (100) [GgH170%], 246 (19). Anal. calcd for €H3sNO (389.6): C, 83.24; H, 9.06; N,
3.60. Found: C, 82.59; H, 8.81; N, 3.61.

The analogous debenzylation Bf11lc-HCI with 3.0 equivalents of a BGlsolution afforded the
enantiomeiP-3cin 86% vyield: [x]p%° —13.2 € 1.0, CHCE).
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3.15. General procedure for enantioselective addition of diethylzinc to aldeliyiestalyzed by chiral
biaryls

According to the reaction conditions (see Tables 1-3), 2.00-20.0 mol% of the biaryl catalyst (0.050
M in the used solvent) were treated with 2.00-3.00 equivalents of diethylzinc (1.00rMhé@xane) at
room temperature. After 10 min of stirring the reaction mixture was adjusted to the given temperature
and 1.00 equivalent of the aldehyd2 (100 umol for optimation reactions, 1.00 mmol for alkylation of
various aldehydes) were added. Stirring was continued for 16—72 h, the reaction mixture was diluted with
diethyl ether (5 ml), hydrolyzed carefully with 3 ml 2 N HCI, and extracted with diethyl etheb(Bl).
After drying over MgSQ, the solvent was removed vacuao For reactions described in Tables 1 and
2, the resulting secondary alcohtiawas only purified by TLC. In the other cases, the crude product
was bulb-to-bulb distilled. Er's were determined by HPLC on chiral phase for aryl compounds [Chiracel
OD-H, detection at 254 nm, flow rate 1.0 ml/miiBa (solvent:n-hexanea-PrOH 98:2): k=15 min ),
tr=17 min ®); 13b (solvent: n-hexanea-PrOH 95:5): k=14 min ), tr=26 min R); 13c (solvent:n-
hexane:-PrOH 95:5): k=14 min [R), tr=23 min (). The absolute configurations were based on the sign
of their known optical rotatiorf§:3% or by 19F NMR after derivatizatiof? with S-Mosher acid chloride
for 13d.
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