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Synthesis of atropisomeric 2,8-dioxygenated N,N-diisopropyl-1-
naphthamides via kinetic resolution under Sharpless asymmetric

dihydroxylation conditions
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Abstract—A kinetic resolution approach under Sharpless asymmetric dihydroxylation conditions was used to synthesize enantio-
enriched atropisomeric N,N-diisopropyl-1-naphthamides possessing oxygenated functionalities at both the C2 and C8 positions. A
significant influence of the substrate structures on the efficiency of the kinetic resolution was observed. (+)-(aS)-N,N-Diisopropyl-2-
[20-(E)-butenoyloxy]-8-methoxy-1-naphthamide is obtained in 35% yield with 94.3% ee after treating the racemate with 3.5mol%
each of Os and (DHQD)2–PHAL at 0 �C for 22 h.
� 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Atropisomers with rotationally restricted amide scaf-
folds has received considerable attention in recent
years.1 Reported examples of axially chiral amides
include anilides,2 N-arylimides,3 benzamides,4 and
1-naphthamides.5 Preparation and application of these
atropisomeric amides in stereo controlled reactions have
been demonstrated by Curran et al.,2a–d;3a Beak et al.,2e;5a

Simpkins et al.,2f–2i Taguchi et al.,2j–2p Uemura
et al.,2r;4a–4c Clayden et al.,2s;4e;5b–j amongst others. The
atropisomeric naphthalene derivatives possessing a
nonamide substitution at C1 are also known. For example,
C1-vinylnaphthalenes,6 C1-arylsulfinylnaphthalenes,7

and tert-butyl-1-(2-methyl-1-naphthyl)phosphine oxide8

have been reported. Axially chiral thioanilides and re-
lated sulfur analogues have been reported as well.9 In
our previous studies,10 we prepared enantiomerically
pure, functionalized N,N-diisopropyl-1-naphthamides
such as ())-(aR)-syn-1,10a ())-(aS)-2,10b and their anti-
podes via chemical resolution or separation over a chiral
stationary phase. These chiral amides have been de-
monstrated as the �chiral wall� templates in the desym-
metrization of cyclic meso anhydrides with 100%
diastereoselectivity10a and in the Pd-catalyzed asym-
metric allylic alkylation with up to 94.7% ee.10b We
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herein report on the kinetic resolution11 and stereo-
chemical assignment of 2,8-dioxygenated N,N-diiso-
propyl-1-naphthamides such as (aS)-3, whose functional
groups (FG) at C2 and C8 can be engineered for syn-
thetic applications.
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2. Results and discussion

2.1. Synthesis of racemic substrates

We prepared N,N,-diisopropyl-8-hydroxy-1-naphth-
amide 4 from 1,8-naphthalic anhydride according to the
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Scheme 1. Reagents and conditions: (a) K2CO3, MeI or n-BuBr, acetone, reflux, 24 h, 93% for 5a, 91% for 5c, or t-BuMe2SiCl, imidazole, DMF,

45 �C, 20 h, 96% for 5b; (b) s-BuLi, THF, )78 �C, 3 h; B(Oi-Pr)3, 0 �C, 1 h; then glacial AcOH, H2O2, overnight, 92% for 6a, 87% for 6b, and 87% for

6c; (c) trans-crotonyl chloride, Et3N, CH2Cl2, rt, 3 h, 73% for 7a, 81% for 7b, and 74% for 7c; (d) trans-cinnamoyl chloride, Et3N, CH2Cl2, rt, 3 h,

97% for 8a and 91% for 8b.
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reported method (Scheme 1).12 Alkylation of the C8-
hydroxyl group in 4 with MeI or n-BuBr in the presence
of K2CO3 in refluxing acetone gave the 8-methoxy and
8-n-buthoxy derivatives 5a12a;13 and 5c, respectively.
Treatment of 4 with t-BuMe2SiCl–imidazole in DMF
afforded the silyl ether 5b10b in 96% yield. Directed ortho
deprotonation of 5a–c was achieved with s-BuLi in THF
at )78 �C with the resulting aryllithium species subjected
to a reaction with B(Oi-Pr)3 to form the organoboron
intermediates. The latter, without isolation, were treated
with AcOH–H2O2

14 at room temperature to furnish
2-hydroxy-1-naphthamides 6a–c in 87–92% yields. The
crotonates 7a–c and cinnamates 8a and 8b were prepared
from 6a–c by treatment with trans-crotonyl chloride and
trans-cinnamoyl chloride in the presence of Et3N in good
yields.
Figure 1. X-ray crystal structure of rac-6a.
The structures of 6a and 6b and 7b were confirmed by
X-ray crystallographic analysis as shown in Figures 1–3.
It is interesting to note that the silyl group and the N,N-
diisopropyl moiety in 6b and 7b are oppositely oriented
across the naphthalene ring thus minimizing steric
repulsion (see Fig. 3b). Distortion of the naphthalene
skeleton and exo-cyclic bonds in 6a and 6b and 7b was
observed. The dihedral angles h1–h413;15 associated with
two exo-cyclic bonds, C1Ar–C(O)N and C8Ar–OR

1 are
listed in Table 1. The through space distance d between
the C8-oxygen and C1-carbonyl carbon is 2.750�A for
6b or 2.773�A for 7b. These distances are significantly
longer when compared to the value of 2.599�A for 6a
and other 8-methoxy-1-naphthamides (2.60–2.62�A).13;15

This implies that the electronic interaction between the
C8-oxygen lone pair electrons and the p� orbital of the
amide is rather weak.15 This may partially account for
the fast racemization of enantioenriched 6b with the free
hydroxy group at the C2 position (vide infra).
Figure 2. X-ray crystal structure of rac-6b.



Figure 3. (a) X-ray crystal structure of rac-7b. C32/C33 and C42/C43

are representing the disorder of a pair of CH2 groups with occupation

factors of 65% and 35%, respectively. (b) Top view of rac-7b with

occupation factors of 65%. Hydrogen atoms are omitted for clarity.
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Scheme 2. Reagents and conditions: (a) 3.5mol% each of

K2OsO4�2H2O and (DHQ)2–PHAL, K3Fe(CN)6, K2CO3, t-BuOH–

H2O (1:1), 0 �C; (b) 3.5mol% each of K2OsO4�2H2O and (DHQD)2–
PHAL, K3Fe(CN)6, K2CO3, t-BuOH–H2O (1:1), 0 �C. (DHQ)2–
PHAL¼ 1,4-bis(9-O-dihydroquinine)phthalazine; (DHQD)2–PHAL¼
1,4-bis(9-O-dihydroquinidine)phthalazine.
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2.2. Kinetic resolution

Recently, Walsh et al.11 reported the kinetic resolu-
tion of atropisomeric benzamides and 1-naphthamides
possessing an ortho vinyl group by using the Sharpless
asymmetric dihydroxylation reaction.16 For the benza-
mides, high krel values17 of up to 32 were generally
obtained whilst for an N,N-diisopropyl-1-naphthamide,
krel values of 4.4 and 6.6 were reported by using AD-
mix-a and AD-mix-b as the catalyst system, respectively.
For the atropisomeric amides 7a–c and 8a and 8b, the
axis of chirality was incorporated into the ester moiety
rather than being connected directly onto the olefin unit,
where the asymmetric dihydroxylation takes place. After
Table 1. Crystallographic measurements for 2,8-dioxygenated 1-naphthamid

O
O

i

R1

θ1θ2θ3θ4

d

Entry Compound d (�A)

h1

1 rac-6a 2.599 115.0

2 rac-6b 2.750 114.0

3 rac-7b 2.773 115.8

4 (aS)-(+)-11 2.802 115.6
screening for different combinations of Os and chiral
ligand loadings, we selected the following reaction
conditions for the kinetic resolution of amides 7a–c and
8a and 8b: 3.5mol% K2OsO4Æ2H2O and 3.5mol%
(DHQ)2–PHAL (used in AD-mix-a) or (DHQD)2–
PHAL (used in AD-mix-b) in the presence of
K3Fe(CN)6 and K2CO3 in t-BuOH–H2O (1:1) at 0 �C
(Scheme 2). Progress of the reaction and enantiomeric
excess of the remaining substrate were monitored by
HPLC analysis over a chiral stationary phase. The
obtained average krel values17 are listed in Table 2. For
the kinetic resolution of 7a given in entry 6, the
measured krel values after reacting for 7, 11.5, and 22 h
increase from 9.5, 10.5, to 13.5 with increased conver-
sion of the substrate. At 61% conversion (0 �C, 22 h),
(+)-7a was isolated in 35% yield and in 94.3% ee. The
HPLC chromatogram of (+)-7a is shown in Figure 4.
A significant substituent effect on the efficiency of the
kinetic resolution was observed. Replacement of the C8
methoxy group by the silyloxy group resulted in non-
selective reactions for the amide 7b compared to the
amide 7a (entries 1 and 6 vs entries 2 and 7). A decrease
in krel values was observed for the C8 n-butyl ether 7c
es
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Figure 4. HPLC chromatogram of (+)-7a with 94.3% ee (HPLC set-

ting: Chiralcel OD column eluted with 90:10 ratio of hexane–isopro-

panol at 0.5mL/min and by UV detection at 254 nm).
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Scheme 3. Chemical resolution of rac-6b.
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(entries 3 and 8). The substituent at the b-position of the
olefinic moiety is also sensitive toward the kinetic reso-
lution. Two cinnamates 8a and 8b afforded no kinetic
resolution under the asymmetric dihydroxylation con-
ditions using either (DHQ)2–PHAL or (DHQD)2–
PHAL as the chiral ligand (entries 4, 5, 9, and 10). Since
the stereochemistry of the dihydroxylation products 70a–
c, and 80a and 80b are complicated, we did not attempt to
isolate these diols.
Figure 5. X-ray crystal structure of (+)-(aS)-11.
2.3. Determination of the stereochemistry

The stereochemistry of the enantioenriched (+)-7a
obtained from the kinetic resolution given in entry 6 of
Table 2 was determined by chemical correlation. We
first prepared the diastereomeric esters ())-(aR)-12 and
(+)-(aS)-13 from the reaction of ())-(1S)-camphanic
chloride 9 with racemic 6a. Unfortunately, the diaste-
reomers could not be easily separated by column chro-
matography over silica gel. Alternatively, the
camphanates ())-(aR)-10 (38%) and (+)-(aS)-11 (42%)
were synthesized from rac-6b and 9 as shown in Scheme
3. Diastereomerically pure compounds were obtained
after column chromatographic separation. The structure
of (+)-(aS)-11 was determined by X-ray crystallographic
analysis (Fig. 5) with the chiral axis determined to be aS.
In contrast, the diastereomer ())-(aR)-10 was not stable
in solution and cleavage of the ester bond was observed.
It is analogous to a camphanate of 8-hydroxy-1-naph-
thamide reported in our previous study.10b Removal of
Table 2. Kinetic resolution of atropisomeric 1-naphthamides under Sharples

Entry Amide Chiral ligand krelb E

1 7a (DHQ)2–PHAL 4.2

2 7b (DHQ)2–PHAL 1.2

3 7c (DHQ)2–PHAL 1.8

4 8a (DHQ)2–PHAL 1.1

5 8b (DHQ)2–PHAL 1.1

a The reaction was carried out at 0 �C with 3.5mol% each of the chiral ligan
bAverage values.
the C8 silyl group in ())-(aR)-10 by n-Bu4NF and
methylation of the resulting alkoxide was performed in a
�one pot� fashion to give ())-(aR)-12 (82%) with
improved chemical stability toward ester bond cleavage
compared to the silyl ether ())-(aR)-10. Similarly, (+)-
s asymmetric dihydroxylation conditionsa

ntry Amide Chiral ligand krelb

6 7a (DHQD)2–PHAL 11.2

7 7b (DHQD)2–PHAL 1.0

8 7c (DHQD)2–PHAL 2.5

9 8a (DHQD)2–PHAL 1.1

10 8b (DHQD)2–PHAL 1.1

d and K2OsO4�H2O.



Figure 6. Dynamic HPLC chromatogram of 6b (HPLC setting: Chir-

alpak AD column eluted with 99:1 ratio of hexane–isopropanol at

0.3mL/min and by UV detection at 254 nm).
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(aS)-13 was obtained from (+)-(aS)-11 with an overall
yield of 89% (Scheme 3).

The camphanate (+)-(aS)-11 was hydrolyzed with 10%
aqueous KOH to give 89% yield of 6b (Scheme 4), which
was found to be in its racemic form as confirmed by
HPLC analysis over a chiral stationary phase. A
dynamic HPLC chromatogram of 6b is shown in Figure
6 in which a plateau between the peaks indicates a low
energy barrier for rotation.18 The facile racemization of
6b is unexpected when considering the half-lives of 19 h19

and 12 days15 at 20 �C estimated for 2-methoxy-1-
naphthamide and 8-methoxy-1-naphthamide, respec-
tively. This can be explained by a transition state19 of
bond rotation around C1Ar–C(O)N with reduced acti-
vation energy. This may result from the interaction
between the C2 hydroxyl group and the pyramidal
nitrogen19 of the amide in the transition state 14 via a
hydrogen bond or through metal chelation as in the case
of ester hydrolysis. It should be emphasized that the
amide nitrogen is not in conjugation with C@O in 14.
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partially racemized (86.8% ee) by HPLC analysis
immediately after purification but to a much lesser
extent when compared with the silyl ether 6b. Com-
pound (+)-(aS)-6a of 42.2% ee was also obtained by
ester cleavage (rt, 8.5 h) of the enantioenriched (+)-(aS)-
7a (94.3% ee) prepared by kinetic resolution. The ste-
reochemistry of (+)-(aS)-7a was thus determined to be
aS. We found that racemization of (+)-(aS)-6a took
place during the saponification of (+)-(aS)-7a and (+)-
(aS)-13 with the enantiomeric excess of (+)-(aS)-6a
dependent on the reaction time. Two HPLC chroma-
tograms from the samples of (+)-(aS)-6a obtained by
hydrolysis of (+)-(aS)-7a and (+)-(aS)-13 are given in
Figure 7.
3. Conclusion

In summary, we have synthesized a series of 2,8-dioxy-
genated N,N-diisopropyl-1-naphthamides for kinetic
resolution under Sharpless asymmetric dihydroxylation
conditions. A significant substituent effect on the effi-
ciency of the kinetic resolution was observed. After
treatment of the racemate with 3.5mol% each of Os and
(DHQD)2–PHAL at 0 �C for 22 h, (+)-(aS)-N,N-diiso-
propyl-2-[20-(E)-butenoyloxy]-8-methoxy-1-naphthamide
(+)-(aS)-7a was obtained in 35% yield with 94.3% ee.
The stereochemistry of (+)-(aS)-7a was determined to be
aS by chemical correlation with the camphanate (+)-
(aS)-11, whose stereochemistry was established by X-ray
crystallographic analysis. Application of the enantioen-
riched atropisomeric amide in asymmetric synthesis is in
progress and the results will be reported elsewhere.
4. Experimental

1H and 13C NMR spectra were recorded in CDCl3
(300MHz for 1H and 75MHz for 13C, respectively) with
CHCl3 as the internal reference. IR spectra were taken



Figure 7. HPLC chromatograms of (+)-(aS)-6a. (a) The sample

obtained from hydrolysis of (+)-(aS)-7a with an enantiomer ratio of

71.1:28.9 and (b) the sample obtained from hydrolysis of (+)-(aS)-13

with an enantiomer ratio of 93.4:6.6 (HPLC setting: Chiralpak AD

column eluted with 97:3 ratio of hexane–isopropanol at 0.3mL/min

and by UV detection at 254 nm).
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on a FT-IR spectrophotometer. Mass spectra (MS) were
measured by the CI method. Elemental analyses were
performed by Zhejiang University. All reactions
were carried out under a nitrogen atmosphere and
monitored by thin-layer chromatography on 0.25-mm
E. Merck silica gel plates (60 F-254) using UV light, or
7% ethanolic phosphomolybdic acid and heating as the
visualizing methods. E. Merck silica gel (60, particle size
0.040–0.063mm) was used for flash column chroma-
tography. Yields refer to chromatographically and
spectroscopically (1H NMR) homogeneous materials.
All reagents were obtained commercially and used as
received. Room temperature is around 25 �C.
4.1. Synthesis

4.1.1. N,N-Diisopropyl-8-butoxy-1-naphthamide 5c. . To
a suspension of K2CO3 (2.07 g, 15.0mmol) and N,N-
diisopropyl-8-hydroxy-1-naphthamide 4 (814.1mg,
3.0mmol) in acetone (30mL) under a nitrogen atmo-
sphere was added 1-bromobutane (3.2mL, 30.0mmol)
followed by refluxing for 24 h. The reaction mixture was
filtered off through Celite and the filtrate evaporated
under reduced pressure. The residue was purified by
flash column chromatography (silica gel, 3.2% EtOAc–
CH2Cl2) to give 5c (894.0mg, 91%) as a colorless crys-
talline solid; mp 88–89 �C (CH2Cl2–hexane); Rf ¼ 0:48
(3.2% EtOAc–CH2Cl2); IR (CHCl3): 2960, 2928, 1637,
1326, 1259, 1107 cm�1; 1H NMR (300MHz, CDCl3): d
7.76 (d, J ¼ 8:1Hz, 1H), 7.46–7.35 (m, 3H), 7.19 (dd,
J ¼ 6:6, 0.9Hz, 1H), 6.88 (dd, J ¼ 7:5, 1.5Hz, 1H),
4.31–4.14 (m, 2H), 3.56 (octet, J ¼ 6:6Hz, 2H), 1.95–
1.85 (m, 2H), 1.68 (d, J ¼ 6:9Hz, 3H), 1.62 (d,
J ¼ 6:9Hz, 3H), 1.56–1.43 (m, 2H), 1.10 (d, J ¼ 6:9Hz,
3H), 1.00 (d, J ¼ 6:6Hz, 3H), 0.98 (t, J ¼ 7:5Hz, 3H);
13C NMR (75MHz, CDCl3): d 171.5, 154.7, 135.3,
134.7, 127.8, 126.1, 125.6, 123.6, 121.8, 120.5, 106.4,
68.9, 50.7, 45.4, 30.9, 20.9, 20.6, 20.1 (·2), 19.3, 14.0;
MS (+FAB): m=z 328 (M+Hþ, 76), 171 (100). Anal.
Calcd for C21H29NO2: C, 77.02; H, 8.93; N, 4.28.
Found: C, 77.25; H, 8.83; N, 4.82.
4.1.2. General procedure for the synthesis of 2-hydroxy-1-
naphthamides: preparation of N,N-diisopropyl-2-hydr-
oxy-8-methoxy-1-naphthamide 6a.. To a solution of N,N-
diisopropyl-8-methoxy-1-naphthamide 5a (2.0 mmol) in
dry THF (20mL) cooled in a dry ice–acetone bath
()78 �C) under a nitrogen atmosphere was added drop-
wise a solution of sec-butyllithium (4.62mL, 1.3M in
hexanes, 6.0mmol) via a syringe followed by stirring at
the same temperature for 3 h to form the aryllithium
species. To a solution of triisopropyl borate (1.42mL,
6.0mmol) in THF (30mL) cooled in a dry ice–acetone
bath ()78 �C) under a nitrogen atmosphere was added the
above aryllithium solution via a syringe. The resultant
mixture was slowly warmed to 0 �C and kept while stirring
at the same temperature for another 1 h. Glacial acetic
acid (0.4mL) was added into the reaction mixture fol-
lowed by the dropwise addition of aqueous 30% H2O2
(1mL). The mixture turned to a milky solution and was
stirred at ambient temperature overnight. EtOAc (30mL)
and H2O (30mL) were added, and the white precipitate
dissolved to form a clear solution. After extraction with
EtOAc (30· 3mL), the combined organic layer was wa-
shed with aqueous solution of FeCl2, saturated aqueous
NH4Cl, and 5% aqueous solution of KOH (5· 3mL). The
organic layer was discarded and the combined aqueous
layer acidified with 5% aqueous HCl and extracted with
EtOAc (20· 3mL). The combined organic layer was
washed with brine, dried over anhydrous MgSO4, and
evaporated under reduced pressure. The residue was
purified by flash column chromatography (silica gel, 25%
EtOAc–CH2Cl2) to give 6a (555.0mg, 92%) as a pale
yellow crystalline solid; mp 247–248 �C (CH2Cl2–hexane);
Rf ¼ 0:28 (25% EtOAc–CH2Cl2); IR (CHCl3): 3100 (br),
2921, 1597, 1580, 1256cm�1; 1H NMR (300MHz,
DMSO-d6): d 9.56 (s, 1H), 7.65 (d, J ¼ 8:7Hz, 1H), 7.33
(d, J ¼ 8:4Hz, 1H), 7.17 (t, J ¼ 7:9Hz, 1H), 7.12 (d,
J ¼ 9:0Hz, 1H), 6.85 (d, J ¼ 7:5Hz, 1H), 3.78 (s, 3H),
3.61 (quintet, J ¼ 6:6Hz, 1H), 3.50 (quintet, J ¼ 6:6Hz,
1H), 1.53 (d, J ¼ 6:3Hz, 3H), 1.48 (d, J ¼ 6:3Hz, 3H),
1.07 (d, J ¼ 6:3Hz, 3H), 0.94 (d, J ¼ 6:9Hz, 3H); 13C
NMR (75MHz, DMSO-d6): d 167.4, 154.1, 150.8, 128.9,
128.5, 122.9, 122.4, 120.3, 118.2, 117.2, 105.6, 54.9, 50.4,
44.4, 20.6, 20.5, 20.4, 19.5; MS (+FAB): m=z 302 (M+Hþ,
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100%). Anal. Calcd for C18H23NO3: C, 71.73; H, 7.69; N,
4.65. Found: C, 71.53; H, 7.65; N, 4.74.
4.1.3. N,N-Diisopropyl-8-(tert-butyldimethylsilyloxy)-
2-hydroxy-1-naphthamide 6b.. The reaction mixture was
extracted with EtOAc (20 · 3mL) and the combined
organic layer washed with brine, dried over anhydrous
MgSO4, and evaporated under reduced pressure. The
residue was purified by flash column chromatography
(silica gel, 6% EtOAc–CH2Cl2) to afford 6b (87%) as a
colorless crystalline solid; mp 176–177 �C (CH2Cl2–
hexane); Rf ¼ 0:31 (6% EtOAc–CH2Cl2); IR (CHCl3):
3100 (br), 2930, 1603, 1578, 1262 cm�1; 1H NMR
(300MHz, CDCl3): d 7.83 (br s, 1H), 7.55
(d, J ¼ 9:0Hz, 1H), 7.34 (d, J ¼ 8:1Hz, 1H), 7.14 (t,
J ¼ 7:5Hz, 1H), 7.10 (d, J ¼ 9:3Hz, 1H), 6.92 (d,
J ¼ 7:2Hz, 1H), 3.61 (quintet, J ¼ 6:6Hz, 1H), 3.40
(quintet, J ¼ 6:6Hz, 1H), 1.65 (d, J ¼ 7:2Hz, 3H), 1.52
(d, J ¼ 6:6Hz, 3H), 1.06 (d, J ¼ 6:6Hz, 3H), 0.99 (s,
9H), 0.79 (d, J ¼ 6:6Hz, 3H), 0.42 (s, 3H), 0.09 (s, 3H);
13C NMR (75MHz, CDCl3): d 170.4, 152.5, 150.6,
129.9, 129.8, 124.9, 122.9, 121.6, 119.0, 115.7, 115.2,
50.5, 46.5, 27.0 (·3), 22.1, 20.6, 20.3, 20.1, 19.4, )2.5,
)3.9; MS (+FAB): m=z 402 (M+Hþ, 24), 344 (100).
Anal. Calcd for C23H35NO3Si: C, 68.78; H, 8.78; N,
3.49. Found: C, 68.75; H, 8.91; N, 3.94.
4.1.4. N,N-Diisopropyl-8-butoxy-2-hydroxy-1-naphth-
amide 6c.. Prepared in 87% yield as described for 6a as
white needles; mp 207–208 �C (CH2Cl2–hexane);
Rf ¼ 0:21 (14% EtOAc–CH2Cl2); IR (CHCl3): 3100 (br),
2919, 1597, 1579 cm�1; 1H NMR (300MHz, DMSO-d6):
d 9.55 (br s, 1H), 7.64 (d, J ¼ 9:0Hz, 1H), 7.31
(d, J ¼ 7:8Hz, 1H), 7.15 (t, J ¼ 7:8Hz, 1H), 7.11
(d, J ¼ 8:7Hz, 1H), 6.88 (d, J ¼ 7:8Hz, 1H), 4.21–4.02
(m, 2H), 3.64–3.48 (m, 2H), 1.81–1.65 (m, 2H), 1.54
(d, J ¼ 6:6Hz, 3H), 1.48 (d, J ¼ 6:9Hz, 3H), 1.50–1.35
(m, 2H), 1.05 (d, J ¼ 6:9Hz, 3H), 0.98 (d, J ¼ 6:3Hz,
3H), 0.90 (t, J ¼ 7:5Hz, 3H); 13C NMR (75MHz,
DMSO-d6): d 167.6, 153.2, 150.9, 129.1, 128.6, 122.9,
122.8, 120.2, 118.2, 117.3, 106.6, 67.8, 50.3, 44.5, 30.3,
20.9, 20.4, 20.0, 19.9, 18.8, 13.9; MS (+FAB): m/z 344
(M+Hþ, 100). Anal. Calcd for C21H29NO3: C, 73.44; H,
8.51; N, 4.08. Found: C, 73.40; H, 8.51; N, 4.39.
4.1.5. General procedure for the synthesis of esters of
2-hydroxy-1-naphthamides: preparation of N,N-diiso-
propyl-2-[20-(E)-butenoyloxy]-8-methoxy-1-naphthamide
7a. . To a solution of 2-naphthols 6a-c (1.5mmol) and
Et3N (0.42mL, 3.0mmol) in dry CH2Cl2 (30mL) cooled
in an ice–H2O bath (ca. 0 �C) under a nitrogen atmo-
sphere was added dropwise trans-crotonyl or trans-cin-
namoyl chloride (3.0mmol). The resultant mixture was
allowed to warm to room temperature and then stirred
at the same temperature for 3 h. The reaction mixture
was filtered through a pad of silica gel with washing by
33% EtOAc–CH2Cl2 (10mL). The combined filtrate was
evaporated under reduced pressure, and the residue
purified by flash column chromatography over silica gel
to give the esters 7a–c and 8a and 8b, respectively. 7a:
prepared in 73% yield after flash column chromatogra-
phy (silica gel, 9.1% EtOAc–CH2Cl2) as a colorless
crystalline solid; mp 203–204 �C (CH2Cl2–hexane);
Rf ¼ 0:28 (9.1% EtOAc–CH2Cl2); IR (CHCl3): 2929,
1738, 1635, 1316, 1212, 1151 cm�1; 1H NMR (300MHz,
CDCl3): d 7.77 (d, J ¼ 9:3Hz, 1H), 7.43 (dd, J ¼ 8:4,
1.2Hz, 1H), 7.38 (d, J ¼ 7:5Hz, 1H), 7.33 (d,
J ¼ 8:7Hz, 1H), 7.23 (dq, J ¼ 15:6, 6.9Hz, 1H), 6.85
(dd, J ¼ 7:2, 1.2Hz, 1H), 6.05 (dq, J ¼ 15:6, 1.5Hz,
1H), 3.91 (s, 3H), 3.60 (septet, J ¼ 6:6Hz, 1H), 3.51
(septet, J ¼ 6:6Hz, 1H), 1.96 (dd, J ¼ 6:9, 1.5Hz, 3H),
1.67 (d, J ¼ 6:6Hz, 3H), 1.56 (d, J ¼ 6:9Hz, 3H), 1.01
(d, J ¼ 6:9Hz, 3H), 1.00 (d, J ¼ 6:3Hz, 3H); 13C NMR
(75MHz, CDCl3): d 166.8, 164.3, 155.3, 147.5, 144.3,
133.0, 128.6, 125.9, 124.6, 122.2, 122.1, 121.6, 120.8,
106.2, 55.3, 50.8, 45.7, 20.7, 20.7, 20.4, 19.8, 18.3; MS
(+FAB): m=z 370 (M+Hþ, 100). Anal. Calcd for
C22H27NO4: C, 71.52; H, 7.37; N, 3.79. Found: C, 71.53;
H, 7.34; N, 4.25.
4.1.6. N,N-Diisopropyl-2-[20-(E)-butenoyloxy]-8-(tert-but-
yldimethylsilyloxy)-1-naphthamide 7b. . Prepared in 81%
yield after flash column chromatography (silica gel,
1:20:20 EtOAc–CH2Cl2–hexane) as a colorless crystal-
line solid; mp 187–188 �C (CH2Cl2–hexane); Rf ¼ 0:20
(1:20:20 EtOAc–CH2Cl2–hexane); IR (CHCl3): 2928,
1739, 1645, 1308, 1211, 1149 cm�1; 1H NMR (300MHz,
CDCl3): d 7.77 (d, J ¼ 9:0Hz, 1H), 7.45 (d, J ¼ 7:8Hz,
1H), 7.33–7.16 (m, 3H), 6.98 (d, J ¼ 6:9Hz, 1H), 6.03
(dd, J ¼ 15:3, 1.5Hz, 1H), 3.72 (septet, J ¼ 6:9Hz, 1H),
3.26 (septet, J ¼ 6:6Hz, 1H), 1.95 (dd, J ¼ 7:2, 1.5Hz,
3H), 1.64 (d, J ¼ 6:9Hz, 3H), 1.48 (d, J ¼ 7:2Hz, 3H),
1.03 (d, J ¼ 6:9Hz, 3H), 1.02 (s, 9H), 0.88 (d,
J ¼ 6:9Hz, 3H), 0.46 (s, 3H), 0.14 (s, 3H); 13C NMR
(75MHz, CDCl3): d 166.4, 164.5, 152.0, 147.4, 145.0,
133.1, 129.0, 125.4, 124.7, 124.6, 122.1, 121.7, 121.6,
115.9, 50.5, 45.8, 27.2 (·3), 22.7, 21.0, 20.6, 20.3, 19.5,
18.3, )2.4, )3.8; MS (+FAB): m=z 471 (M+Hþ, 22), 470
(Mþ, 60), 412 (100). Anal. Calcd for C27H39NO4Si: C,
69.04; H, 8.37; N, 2.98. Found: C, 69.38; H, 8.43; N,
2.66.
4.1.7. N,N-Diisopropyl-2-[20-(E)-butenoyloxy]-8-butoxy-
1-naphthamide 7c.. Prepared in 74% yield after flash col-
umn chromatography (silica gel, 3.8% EtOAc–CH2Cl2)
as a pale green crystalline solid; mp 104–105 �C
(CH2Cl2–hexane); Rf ¼ 0:33 (3.8% EtOAc–CH2Cl2); IR
(CHCl3): 2930, 1738, 1635, 1313, 1210, 1150 cm

�1; 1H
NMR (300MHz, CDCl3): d 7.68 (d, J ¼ 8:7Hz, 1H),
7.35–7.07 (m, 4H), 6.82 (d, J ¼ 7:2Hz, 1H), 5.95 (d,
J ¼ 15:3Hz, 1H), 4.25–4.03 (m, 2H), 3.52–3.41 (m, 2H),
1.87 (d, J ¼ 7:2Hz, 3H), 1.82–1.66 (m, 2H), 1.58 (d,
J ¼ 6:9Hz, 3H), 1.45 (d, J ¼ 6:9Hz, 3H), 1.46–1.32 (m,
2H), 0.95 (d, J ¼ 6:3Hz, 3H), 0.90 (d, J ¼ 6:9Hz, 3H),
0.86 (t, J ¼ 7:5Hz, 3H); 13C NMR (75MHz, CDCl3): d
167.1, 164.4, 154.5, 147.5, 144.6, 133.1, 128.9, 125.9,
124.3, 122.7, 122.2, 121.6, 120.6, 107.6, 69.1, 50.9, 46.0,
30.6, 20.7, 20.6, 20.4, 20.1, 19.3, 18.3, 14.0; MS (+FAB):
m=z 413 (M+Hþ, 28), 412 (Mþ, 100). Anal. Calcd for
C25H33NO4: C, 72.96; H, 8.08; N, 3.40. Found: C, 73.04;
H, 8.07; N, 3.88.
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4.1.8. N,N-Diisopropyl-8-methoxy-2-[20-(E)-30-phenyl-
propenoyloxy]-1-naphthamide 8a.. Prepared in 97% yield
after flash column chromatography (silica gel, 9.1%
EtOAc–CH2Cl2) as white needles; mp 210–211 �C
(CH2Cl2–hexane); Rf ¼ 0:46 (9.1% EtOAc–CH2Cl2); IR
(CHCl3): 2924, 1731, 1634, 1315, 1212, 1132 cm

�1; 1H
NMR (300MHz, CDCl3): d 7.92 (d, J ¼ 15:9Hz, 1H),
7.81 (d, J ¼ 9:0Hz, 1H), 7.62–7.53 (m, 2H), 7.48–7.36
(m, 6H), 6.88 (d, J ¼ 7:5Hz, 1H), 6.65 (d, J ¼ 15:9Hz,
1H), 3.93 (s, 3H), 3.66 (quintet, J ¼ 6:6Hz, 1H), 3.51
(quintet, J ¼ 6:6Hz, 1H), 1.68 (d, J ¼ 6:6Hz, 3H), 1.58
(d, J ¼ 6:6Hz, 3H), 1.04 (d, J ¼ 5:7Hz, 3H), 1.02 (d,
J ¼ 5:7Hz, 3H); 13C NMR (75MHz, CDCl3): d 167.3,
165.3, 155.6, 147.3, 144.7, 134.3, 133.4, 131.0, 129.2 (·2),
129.1, 128.5 (·2), 126.4, 124.8, 122.5, 122.5, 121.2, 117.1,
106.6, 55.7, 51.2, 46.2, 21.1, 21.1, 20.7, 20.2; MS
(+FAB): m=z 432 (M+Hþ, 100). Anal. Calcd for
C27H29NO4: C, 75.15; H, 6.77; N, 3.25. Found: C, 75.15;
H, 6.76; N, 3.54.
4.1.9. N,N-Diisopropyl-8-(tert-butyldimethylsilyloxy)-2-
[20-(E)-30-phenylpropenoyloxy]-1-naphthamide 8b. . Pre-
pared in 91% yield after flash column chromatography
(silica gel, 1:1:10 EtOAc–CH2Cl2–hexane) as white
needles; mp 149–150 �C (CH2Cl2–hexane); Rf ¼ 0:26
(1:1:10 EtOAc–CH2Cl2–hexane); IR (CHCl3): 2929,
1735, 1637, 1308, 1210, 1131 cm�1; 1H NMR (300MHz,
CDCl3): d 7.91 (d, J ¼ 15:6Hz, 1H), 7.81 (d, J ¼ 8:7Hz,
1H), 7.60–7.53 (m, 2H), 7.48 (d, J ¼ 8:1Hz, 1H), 7.44–
7.39 (m, 3H), 7.35 (d, J ¼ 8:7Hz, 1H), 7.23 (t,
J ¼ 8:1Hz, 1H), 7.01 (d, J ¼ 7:2Hz, 1H), 6.63 (d,
J ¼ 15:9Hz, 1H), 3.73 (quintet, J ¼ 6:6Hz, 1H), 3.31
(quintet, J ¼ 6:6Hz, 1H), 1.65 (d, J ¼ 6:6Hz, 3H), 1.51
(d, J ¼ 6:9Hz, 3H), 1.06 (d, J ¼ 6:3Hz, 3H), 1.04 (s,
9H), 0.93 (d, J ¼ 6:0Hz, 3H), 0.48 (s, 3H), 0.16 (s, 3H);
13C NMR (75MHz, CDCl3): d 166.5, 165.1, 152.0,
146.9, 145.0, 134.1, 133.1, 130.5, 129.1, 128.9 (·2), 128.2
(·2), 125.5, 124.7, 124.5, 122.0, 121.6, 117.0, 116.0, 50.5,
45.9, 27.2 (·3), 25.7, 22.7, 21.0, 20.7, 20.3, 19.5, )2.4,
)3.7; MS (+FAB): m=z 533 (M+Hþ, 33), 532 (Mþ, 60),
474 (100). Anal. Calcd for C32H41NO4Si: C, 72.28; H,
7.77; N, 2.63. Found: C, 72.23; H, 7.79; N, 3.11.
4.1.10. General procedure for kinetic resolution under the
Sharpless dihydroxylation conditions: preparation of (+)-
(aS)-N,N-diisopropyl-2-[20-(E)-butenoyloxy]-8-methoxy-
1-naphthamide (+)-(aS)-7a. . Modified AD catalyst
system: The commercial AD-mix-a or AD-mix-b
(1.0 g) was modified by adding K2OsO4�2H2O (10.6mg)
and (DHQ)2–PHAL or (DHQD)2–PHAL (16.0mg)
to contain 3.0 · 10�2 mmol of K2OsO4�2H2O and
3.0 · 10�2 mmol of (DHQ)2–PHAL or (DHQD)2–
PHAL.

To a solution of the modified AD-mix-b [140.0mg,
4.2 · 10�3 mmol each of Os and (DHQD)2–PHAL] and
methanesulfonamide (9.5mg, 0.1mmol) in t-BuOH–H2O
(1.2mL, 1:1) cooled in an ice–H2O bath (ca. 0 �C) was
added amide 7a (44.3mg, 0.12mmol). N,N-Diisopropyl-
1-naphthamide (15.3mg, 6.0 · 10�2 mmol) was added as
an internal reference for the purpose of HPLC analysis
(N,N-dicyclohexyl-1-naphthamide was used for the AD
reaction of amide 7c). The resultant mixture was stirred
vigorously at 0 �C for 22 h and the reaction was quen-
ched by adding aqueous sodium sulfite (0.4 g/mL,
0.38mL) with stirring for another 20min. The reaction
mixture was extracted with EtOAc (10 · 3mL), and the
combined organic layer washed with brine, dried over
anhydrous MgSO4, and concentrated under reduced
pressure. The crude product mixture was purified by
flash column chromatography (silica gel, 9.1% EtOAc–
CH2Cl2) to give the enantioenriched amide (+)-7a
(15.5mg, 35%). Before purification a small portion of
the crude product was dissolved in EtOAc and the
solution filtered through a short pad of silica gel with
elution by EtOAc. The combined filtrate was evaporated
and the residue subjected to HPLC analysis over a chiral
stationary phase. It was determined that 61% of amide
7a was consumed in the AD reaction while the
remaining (+)-7a had 94.3% ee. The HPLC chromato-
gram of (+)-7a is found in Figure 4.

Enantiomerically pure 7a was obtained by HPLC reso-
lution of racemic 7a over a chiral stationary phase under
the conditions given in Figure 4. (+)-(aS)-7a:
½a�25D ¼ þ59:9 (c 0.81, CHCl3). ())-(aR)-7a, ½a�25D ¼ �59:4
(c 0.81, CHCl3).

For the kinetic measurements given in Table 2, aliquots
of the reaction mixture were taken at selected time
intervals for HPLC analysis of both conversion and
enantiomeric ratio of the amide. The HPLC settings are
as follows:

For amide 7a: Chiralcel OD column eluted with a 90:10
ratio of hexane–isopropanol at 0.5mL/min and by UV
detection at 254 nm. tR ¼ 17:8min for N,N-diisopropyl-
1-naphthamide; tR ¼ 32:0min for ())-(aR)-7a; tR ¼
47:3min for (+)-(aS)-7a.

For amide 7b: Chiralcel OD column eluted with a 95:5
ratio of hexane–isopropanol at 0.5mL/min and by UV
detection at 254 nm. tR ¼ 23:6min for N,N-diisopropyl-
1-naphthamide; tR ¼ 9:4 and 13.3min for both enantio-
mers of 7b.

For amide 7c: Chiralcel OD plus Chiralcel OD-H col-
umns eluted with a 99:1 ratio of hexane–isopropanol
at 0.2mL/min and by UV detection at 254 nm.
tR ¼ 122:6min for N,N-dicyclohexyl-1-naphthamide
(internal reference); tR ¼ 140:2 and 150.7min for both
enantiomers of 7c.

For amide 8a: Chiralcel OD column eluted with a 98:2
ratio of hexane–isopropanol at 0.2mL/min and by UV
detection at 254 nm. tR ¼ 40:6min for N,N-diisopropyl-
1-naphthamide; tR ¼ 147:2 and 163.2min for both
enantiomers of 8a.

For amide 8b: Chiralcel OD column eluted with a 99:1
ratio of hexane–isopropanol at 0.3mL/min and by UV
detection at 254 nm. tR ¼ 53:2min for N,N-diisopropyl-
1-naphthamide; tR ¼ 27:3 and 31.1min for both
enantiomers of 8b.
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4.1.11. ())-(aR,10S,40R)-N,N-Diisopropyl-8-(tert-butyldi-
methylsilyloxy)-2-{40,70,70-trimethyl-30-oxo-20-oxabicyclo-
[2.2.1]heptanecarbonyloxy}-1-naphtamide ())-(aR)-10 and
(+)-(aS,10S,40R)-N,N-diisopropyl-8-(tert-butyldimethylsil-
yloxy)-2-{40,70,70-trimethyl-30-oxo-20-oxabicyclo[2.2.1]hep-
tanecarbonyl-oxy}-1-naphtamide (+)-(aS)-11.. A solution
of racemic amide 6b (401.0mg, 1.0mmol) and dimeth-
ylaminopyridine (244.0mg, 2.0mmol) in dry CH2Cl2
(20mL) cooled in an ice–H2O bath (ca. 0 �C) under a
nitrogen atmosphere was added a solution of camphanic
chloride (433.0mg, 2.0mmol) in CH2Cl2 (10mL) via a
syringe. The resulting mixture was allowed to warm to
room temperature followed by stirring for 4 h. The
reaction mixture was filtered through a pad of silica gel
with washing by CH2Cl2–EtOAc (3:1, 20mL). The
combined filtrate was evaporated under reduced pres-
sure, and the residue purified by flash column chroma-
tography (silica gel, 1.4–2.4% EtOAc–CH2Cl2) to give
())-(aR)-10 (223.0mg, 38%) and (+)-(aS)-11 (242.0mg,
42%).

())-(aR)-10: A yellow gum (ester bond cleavage was
observed during attempted crystallization in CH2Cl2–
hexane or NMR measurement in CDCl3); ½a�25D ¼ �88:4
(c 1.0, CHCl3); Rf ¼ 0:26 (2.4% EtOAc–CH2Cl2); IR
(CHCl3): 2928, 1789, 1262 cm

�1; MS (+FAB): m=z 582
(M+Hþ, 52), 344 (100).

(+)-(aS)-11: A white crystalline solid; mp 199–200 �C
(CH2Cl2–hexane); ½a�25D ¼ þ114:5 (c 1.0, CHCl3);
Rf ¼ 0:34 (2.4% EtOAc–CH2Cl2); IR (CHCl3): 2918,
1794, 1764, 1739, 1635, 1257, 1049 cm�1; 1H NMR
(300MHz, CDCl3): d 7.79 (d, J ¼ 8:9Hz, 1H), 7.46 (d,
J ¼ 7:6Hz, 1H), 7.34 (t, J ¼ 7:9Hz, 1H), 7.10 (d,
J ¼ 8:9Hz, 1H), 7.01 (dd, J ¼ 7:6, 0.7Hz, 1H), 3.76
(septet, J ¼ 6:9Hz, 1H), 3.18 (septet, J ¼ 6:6Hz, 1H),
2.63 (ddd, J ¼ 13:7, 10.7, 4.2Hz, 1H), 2.21 (ddd,
J ¼ 13:7, 9.4, 4.6Hz, 1H), 1.97 (ddd, J ¼ 13:2, 10.7,
4.6Hz, 1H), 1.73 (ddd, J ¼ 13:2, 9.4, 4.2Hz, 1H), 1.63
(d, J ¼ 6:6Hz, 3H), 1.56 (d, J ¼ 6:8Hz, 3H), 1.16 (s,
3H), 1.15 (s, 3H), 1.14 (s, 3H), 1.02 (s, 9H), 1.00 (d,
J ¼ 7:5Hz, 3H), 0.95 (d, J ¼ 6:6Hz, 3H), 0.45 (s, 3H),
0.11 (s, 3H); 13C NMR (75MHz, DMSO-d6): d 177.0,
165.9, 164.6, 151.3, 144.1, 132.9, 129.5, 126.1, 124.6,
123.6, 123.5, 121.5, 116.0, 89.9, 54.7, 54.3, 49.8, 45.0,
30.4, 28.2, 26.8 (·3), 22.1, 20.4, 20.3, 19.8, 19.1, 16.6,
16.4, 9.5, )2.7, )3.9; MS (+FAB): m=z 582 (M+Hþ, 88),
524 (100). Anal. Calcd for C33H47NO6Si: C, 68.12; H,
8.14; N, 2.41. Found: C, 67.97; H, 8.18; N, 2.39.
4.1.12. General procedure for the synthesis of 8-methoxy-
1-naphthamides via a one-pot desilylation–methylation
sequence: preparation of ())-(aR,10S,40R)-N,N-diiso-
propyl-8-methoxy-2-{40,70,70-trimethyl-30-oxo-20-oxabicy-
clo[2.2.1]heptanecarbonyloxy}-1-naphtamide ())-(aR)-
12. . To a solution of ())-(aR)-10 (174.0mg, 0.3mmol)
in THF (10mL) cooled in an ice–H2O bath (ca. 0 �C) was
added MeI (94 lL, 1.5mmol) and a solution of tetrabu-
tylammonium fluoride (0.3mL, 1M in THF, 0.3mmol).
The resulting mixture was allowed to warm to room
temperature gradually and then stirred for another 5 h.
The reaction mixture was filtered through a pad of silica
gel with washing by EtOAc. The combined filtrate was
evaporated under reduced pressure and the residue
purified by flash column chromatography (silica gel,
5.9% EtOAc–CH2Cl2) to give ())-(aR)-12 (118.0mg,
82%) as a yellow gum; ½a�25D ¼ �7:8 (c 0.6, CHCl3);
Rf ¼ 0:18 (7.7% EtOAc–CH2Cl2); IR (CHCl3): 2918,
1790, 1634, 1316, 1262, 1042 cm�1; 1H NMR (300MHz,
CDCl3): d 7.79 (d, J ¼ 9:0Hz, 1H), 7.46–7.38 (m, 2H),
7.25 (d, J ¼ 8:7Hz, 1H), 6.90 (dd, J ¼ 6:6, 1.2Hz, 1H),
3.91 (s, 3H), 3.59 (quintet, J ¼ 6:6Hz, 1H), 3.48 (quintet,
J ¼ 6:6Hz, 1H), 2.54 (ddd, J ¼ 19:2, 10.5, 4.2Hz, 1H),
2.24 (ddd, J ¼ 13:2, 9.6, 4.5Hz, 1H), 1.99 (ddd, J ¼ 18:9,
10.8, 4.5Hz, 1H), 1.77 (ddd, J ¼ 13:2, 9.0, 4.2Hz, 1H),
1.66 (d, J ¼ 7:5Hz, 3H), 1.63 (d, J ¼ 7:2Hz, 3H), 1.17
(s, 3H), 1.16 (s, 3H), 1.14 (s, 3H), 1.13 (d, J ¼ 7:8Hz,
3H), 0.98 (d, J ¼ 6:6Hz, 3H); 13C NMR (75MHz,
CDCl3): d 177.7, 166.5, 166.0, 155.7, 144.0, 133.3, 128.8,
126.5, 125.0, 122.2, 121.6, 120.8, 106.8, 90.5, 55.5, 54.9,
54.7, 51.0, 46.1, 31.9, 29.2, 21.3, 21.0, 20.2, 19.7, 17.1,
17.0, 9.8; MS (+FAB): m=z 482 (M+Hþ, 100).
4.1.13. (+)-(aS,10S,40R)-N,N-Diisopropyl-8-methoxy-2-
{40,70,70-trimethyl-30-oxo-20-oxabicyclo[2.2.1]heptanecar-
bonyloxy}-1-naphtamide (+)-(aS)-13.. Prepared from (+)-
(aS)-11 in 89% yield as a yellow solid; ½a�25D ¼ þ21:7 (c
0.45, CHCl3); Rf ¼ 0:24 (7.7% EtOAc–CH2Cl2); IR
(CHCl3): 2919, 1793, 1759, 1636, 1316, 1262, 1211,
1052 cm�1; 1H NMR (300MHz, CDCl3): d 7.79 (d,
J ¼ 9:0Hz, 1H), 7.46 (dd, J ¼ 8:1, 1.8Hz, 1H), 7.42 (t,
J ¼ 8:1Hz, 1H), 7.19 (d, J ¼ 9:0Hz, 1H), 6.90 (dd,
J ¼ 6:9, 1.8Hz, 1H), 3.92 (s, 3H), 3.55 (septet,
J ¼ 6:6Hz, 2H), 2.58 (ddd, J ¼ 13:8, 10.5, 4.2Hz, 1H),
2.20 (ddd, J ¼ 13:2, 9.6, 4.5Hz, 1H), 1.98 (ddd, J ¼ 13:2,
10.8, 4.5Hz, 1H), 1.74 (ddd, J ¼ 13:8, 9.3, 4.2Hz, 1H),
1.66 (dd, J ¼ 6:9Hz, 3H), 1.65 (d, J ¼ 6:9Hz, 3H), 1.17
(s, 6H), 1.16 (s, 3H), 1.14 (d, J ¼ 6:9Hz, 3H), 0.99 (d,
J ¼ 6:3Hz, 3H); 13C NMR (75MHz, CDCl3): d 177.8,
166.3, 166.0, 155.6, 143.9, 133.3, 129.2, 126.5, 124.7,
122.2, 121.5, 120.8, 106.8, 90.6, 55.5, 55.0, 55.0, 51.2,
46.2, 30.9, 29.1, 21.0, 20.7, 20.2, 19.7, 17.1, 17.0, 9.9; MS
(+FAB): m=z 482 (M+Hþ, 100).
4.1.14. General procedure for ester hydrolysis: prepara-
tion of racemic N,N-diisopropyl-8-(tert-butyldimethyl-
silyloxy)-2-hydroxy-1-naphthamide 6b from (+)-(aS)-
11.. To a solution of (+)-(aS)-11 (58.2mg, 0.1mmol)
in THF (2mL) at room temperature was added 10%
aqueous KOH (0.22mL, 0.4mmol) followed by stirring
at room temperature for 40min. Saturated aqueous
NH4Cl (5mL) was added to the reaction mixture. The
resulting mixture was extracted with EtOAc (15 · 3mL)
and the combined organic layer washed with brine, dried
over anhydrous MgSO4, and evaporated under reduced
pressure. The residue was purified by flash column
chromatography (silica gel, 5.9% EtOAc–CH2Cl2) to
give 6b (35.7mg, 89%) in racemic form.
4.1.15. Preparation of (+)-(aS)-N,N-diisopropyl-2-hydro-
xy-8-methoxy-1-naphthamide (+)-(aS)-6a via hydrolysis
of (+)-(aS)-13. . Hydrolysis of the ester (+)-(aS)-13
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(48.2mg, 0.1mmol) at room temperature for 40min
gave (+)-(aS)-6a (25.6mg, 85%) in 87.8% ee;
½a�25D ¼ þ20:7 (c 1.0, CHCl3). The HPLC chromatogram
is given in Figure 7b. Enantiomer excess and specific
rotation of (+)-(aS)-6a are time-dependent due to facile
racemization at room temperature.
4.1.16. Preparation of (+)-(aS)-N,N-diisopropyl-2-hydro-
xy-8-methoxy-1-naphthamide (+)-(aS)-6a via hydrolysis
of (+)-(aS)-7a.. Hydrolysis of the ester (+)-(aS)-7a (36.9
mg, 94.3% ee, 0.1mmol) at room temperature for 8.5 h
gave (+)-(aS)-6a (16.0mg, 53%) in 42.1% ee; The HPLC
chromatogram is given in Figure 7a. A portion of the
ester (+)-(aS)-7a (14.8, 40%) was recovered from the
hydrolysis reaction with no racemization of (+)-(aS)-7a
being detected under hydrolysis conditions.
4.1.17. X-ray crystallographic structural determination of
rac-6a, rac-6b, rac-7b, and (aS)-(+)-11.. The X-ray crys-
tal structures of rac-6a, rac-6b, rac-7b, and (aS)-(+)-11
are given in Figures 1, 2, 3 and 5 and the crystal data
were deposited with the Cambridge Crystallographic
Data Centre as supplementary publication number
CCDC 219621, CCDC 219197, CCDC 219196, and
CCDC 219198, respectively. Copies of the data can be
obtained, free of charge, on application to CCDC, 12
Union Road, Cambridge CB12 1EZ, UK [fax: +44(0)-
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk].
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