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Abstract: The synthesis of substituted 1-(2-hydroxyphenyi)naphthalene-2-carbaldehydes 4 and 6-alkoxy
-6H-pyrans 7 and 8; analogs of the postulated metallated intermediates in the atropo-enantioselective ring
cleavage of configurativcly unstable biaryl lactones 2, is described. While the equilibria between the
open hydroxy aldehydes 4 and the cyclic lactol structures 3 arc completely shifted towards 4 for the deri-
vatives 4c-g with substituents ortho to the biaryl axis, the lactol forms are the dominating structures (ca.
50-100%) for the ortho-unsubstituted compounds. For the lactols 3 and their acetalic analogs 6, 7. and 8,

QUDMILLNCQ COITIDOLNGS ARy O aniC TGl acelalle alldiogs @, /4, and

those diastereomeric conformations are preferred (77-100%) that have the exo-oxygen function axial.
© 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

The atropo-enantioselective ring cleavage of biaryl lactones of type 2 (Scheme 1) to configuratively
stable biaryls, e.g. to §, is a most efficient and mechanistically intriguing approach to the preparation of
enantiomerically pure biaryls.>* This useful strategy has been successfully applied to the preparation of axially
chiral model biaryls, 45 naturally occurring naphthylisoquinoline alkaloids,® mastigophorene analogs, 7 and effi-
cient catalysts for asymmetric synthesis.® The lactones 2 can easily be prepared by intramolecular aryl coupling

of the corresponding substituted bromo esters 1.° Depending on the degree of steric hindrance, they are more or
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Scheme 1. Synthesis and atropo-enantioselective reduction of configuratively unstable biaryl lactones s2.7
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less helically distorted™ ™ and thus chiral, but, due to the lactone bridge, they are configurat w}y unstable and
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isomer-selectively, e.g. with oxazaborolidine-activated borane or metal-activated hydride transfer reagents, to
give excellent enantiomeric ratios of up to 98.5:1.5.* The process requires two reduction steps, involving the
lactols 3 as initial products, in an equilibrium with the corresponding aldehydes 4 (or their metallated
analogs).*"** Hydroxy aldehydes of type 4 are configuratively unstable, probably not through a merely

physical rotation, but rather by a chemical cyclization to the corresponding lactols 3, which, as bridged biaryls,
4,14,15

should have a low atropisomerization barrier, like the lactones 2." Such a 'stereochemical leakage on the
level of these primary reduction products 3 and 4 might lead to the loss of an asymmetric induction possibly
attained in the first reduction step. This assumption was supported by serniempmcal AM] calculations of the
entire mechanistic course of the reaction,”® which indeed confirmed the existence of such a stereochemical

leakage and indicated that the eventually atiained high asymmetric inductions shouid be generated during the
second reduction step, which would thus constitute an atropo-enantioselective reduction of configuratively
unstable hydroxy aldehydes 4, by dynamic kinetic resolution. These predictions make the directed synthesis of
hydroxy aldehydes 4 (or their lactol analogs 3) highly rewarding, including the spectroscopic and
computational investigation of their chemical and stereochemical equilibria and their possible use as novel
starting materials for atropo-enantioselective reductions to 5. In this paper, we describe the synthesis of a broad

series of such aldehydes 4 with different steric hindrance at the biaryl axis, and of related acetals 7, as
chemically stable 'O-alkyl protected’ analogs of the corresponding (metallated) lactols 3, and the experimental
investigation of their structures and ring-chain equilibria. In the following paper,"” the computational
investigation of these species will be described.
RESULTS AND DISCUSSION
Preparation of the hydroxy aldehydes 4 / lactols 3
In a previous study, a first such hydroxy biaryl aldehyde, 4e, had been prepared in an enantiomerically

enriched form, which required a protection-deprotection strategy." Its configurative lability hinted at the
existence of the corresponding lactol 3e, which, however, could not be detected spectroscopically.’® For this
reason, we embarked on the systematic preparation of such hydroxy aldehydes 4 (see Scheme 2) with a large

variety of ortho-substituents and thus different steric hindrance at the axis, ranging from R = H up to R = rBu.
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Scheme 2. Synthesis of the sterically hindered hydroxy aldehyde biaryls 4¢c-g. Reaction conditions: a) PCC, THF, 0 °C — rt,
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Starting from the lactones 2, the target molecules 4 were now obtained in only two steps and good yields (73-
PUEPS I PRpiy Ry PN 16 P U R &l e coaa o PR [ o'l U S s ST o TR
90%), via the alcohols 5. The subsequent oxidation was best done with pyridinium chlorochromate (PCC) in

v —

anhydrous THF, as shown for the stericaily more hindered hydroxy aldehydes d¢-g, i.e. with R # H.

For 4a and 4b, which have no substituents R next to the biaryl axis (see Scheme 3), problems arose from
the higher portion of the lactol form 3 (cf. also next section), resulting in an over-oxidation back to the lactones
2, and, even more severely, leading to the formation of bisacetals 6. In particular for 4a/3a, which are devoid of
an isopropyl group next to phenolic oxygen function, the tendency to condense to 6a was so strong” that even
TLC-pure samples, as obtained by column chromatography, resulted in mixtures of 4a/3a and 6a upon removal
of the solvent, even at -10 °C in vacuo. Crystalliz:

on of 4a/3a could be

with traces of DCl in Dg-THF / Dg-DMSO / D,0 (10:10:1) in an NMR tube for several days.'
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Scheme 3. Synthesis of the sterically less hindered biaryls 4/3 and formation of the bisacetals 6. Reaction conditions: a) PCC,
THF, 0 °C — t, yield 4b/3b: 64%. b) Ds-THF / D-DMSO / D,0 / DCI, 7 d, quantitative (according to 'H NMR).

The hydroxy aldehyde / lactol equilibrium 4 <= 3

In solution, no ‘H NMR evidence on the existence of lactols 3 was found for 4c-g. For the sterically less
hindered biaryls 3a/4a and 3b/4b, however, the lactol form 3, with its characteristic semiacetalic proton around
d = 6.5 ppm (cf. Scheme 3), was the dominating structure. The hydroxy aldehyde / lactol ratio varied in the
margins of 48 : 52 to 0 : 100 in favor of the lactol structure (Table 1).‘9 In contrast to 4a/3a (see obove), 4b/3b

crystallized as the lactol 3b from diethyl ether / petroleum ether (see Fig. 2, below).

Table 1. The ratio 4a : 3a and 4b : 3b in different solvent systems {determined by 'H NMR)
equilibrium deuterated solvent ratio
4/3 3:4
4a/3a Dg-THF / D,0O 7/ D¢-DMSO (10:10:1)* 52:48
4b/3b Dg-THF / D,O / D¢-DMSO (10:10:1)? 92: 8
4b/3b CDCl; 83:17
4b/3b D¢-DMSO 100: O

*Acidified with traces of DCI (relative ratios a/b for 3 and 4 confirmed by joint

measurement in the same solvent).
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Synthesis of the 'O-alkyl protected’ lactol analogs 7 and 8
WP ey ~ Fone oL A mreseeliliacocan. M = B S alenTor men ablio il AL ALl et mamaae L Ao a =
Due to the fact that the equilibrium 4 ¥ 3 is entirely on the side of the ring-open hydroxy aldehydes 4

for the sterically more hindered compounds ¢-g, an investigation of these lactol intermediates 3 in the atrop-
isomerization of configuratively unstable hydroxy aldehydes 4 and in the atropisomer-selective cleavage of the
lactones 2 was not possible. For this reason, we have synthesized the O-alkyl protected analogs 7 and 8 as
model compounds for the lactols 3 (and their metallated analogs).4 In an earlier paper, we described the
preparation of a first such acetal by addition of methanol to the corresponding pyrylium salt.'* This method,
however, was practicable only for sterically non-hindered biaryls, viz. with R = H, not for the needed sterically
more hindered compounds (e.g. with R = Me). We have now found a simpler and more straightforward general
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procedure for the preparation of even sterically congesting cychc acetals 7 (see 4), by reﬂuxmg the
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Scheme 4. Synthesis and diastereomeric structures of the (racemic) 6-alkoxy-6H-pyrans 7 and 8. Reaction conditions:
a) pTosOH, reflux, 62-91%.

Structures of the sterically more hindered acetal-bridged biaryls 7

The good availability of these lactol-related, but chemically stable bridged biaryls 7 and 8 allowed a
thorough structural characterization, without the complication of ring cleavage with aldehyde formation. Due
to the presence of the stereogenic biaryl axis and the (now configuratively stable) stereocenter at C-6, the
dimethyl substituted (racemic) compounds 7 gave two sets of "H NMR data for the two atropo-diastereomeric
compounds on the NMR time scale (Fig. 1). NOE experiments clearly allowed to distinguish these diastereo-
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4.27 ax-7¢ 83:17 eq-7c

Flg 1 Selected NOE interactions (in CDCl3) and significant chemical shifts (86-values in ppm) decisive of the relative

P

the two diastereomeric forms of U au:uuu 7c.
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As a typical additional criterion and in agreement with the observed NOE effects, the chemical shifts for
the O-alkyl part of the axially substituted isomer ax-7¢ are distinctly high-field shifted as compared to the
values for eq-7¢ with the O-alkyl group in an equatorial position, where it is not influenced by the anisotropic
effect of the aromatic system. Vice versa, the acetalic proton at C-6 shows a significant low-field shift for ax-
T¢ vs. eg-Tc. Due to the similar NMR behavior of the diastereomeric pairs of the other cyclic acetals 7, their
relative configurations were deduced accordingly. In all cases, the axial isomer prevailed over the equatorial
one, depending on the steric demand of the 6-alkoxy substituent. In agreement with parallel quantumchemical

calculations, ™ the ax-7 : eg-7 ratio decreased with increasing size of the 6-alkoxy substituent (see Table 2).

abie 2. Influence of the steric demand of the -aikoxy group on the ax-7 : eg-7 ratio (in CDCl3)

6-alkoxy-6H-pyran OR™ ratio”
ax-1: eq-7
7a OMe 91:
Th OEt 88:12
Tc OiPr 83:17
da OCH,tBu 77 :23
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Stereostructures of the less hindered acetals 8, of the free lactol 3b, and of the bisacetals 6
By contrast, due to the absence of a sterically demanding ortho substituent R next to the axis, the acetals

8 show but a single set of 'H NMR spectroscopic data. In agreement with the low isomerization barrier for the
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related lactone 2b,” this reveals a rapld atropisomerization at room temperature, rather than hinting at the
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alculations parallelly performed (see subsequent paper).

4 H H
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Fig. 2. Crystal structures of the acetal 8a and its parent lactol 3b.

Likewise stereochemically homogeneous, aithough disposing of no less than four stereogenic eiements,
were the bisacetals 6a and 6b, as obtained above (cf. Scheme 3), their '"H NMR spectra displaying only a single
set of data. In the crystal,”> 6b was found to adopt a C,-symmetric structure (see Fig. 3, right), with the exo-
oxygen occupying axial positions for both molecular halves, again underlining the general predominance of
axial over equatorial substituents for all these cyclic acetals and half acetals, apparently for stereoelectronic

20
reasons.
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with the corresponding lactols 3. While for the ortho-substituted compounds 4c-g, the equilibrium is entirely
P B s S i, oy I 8 Py Y O B [ 7 e P I T T Py ~ A W W a V2 ¥y, SR WY oSS Ny
on ine siae oOi in€ riig-open awgenyaes, tne iactol 1orm S 18 ine aominating struciure {ca. 50-100%) ior ihe
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ortho-unsubstituted representatives 4a/3a and 4b/3b (R = H), the latter easily giving the bisacetals 6a and 6b,
respectively. From NMR and X-ray crystallographic data, a clear preference of those diastereomers can be
deduced in with the exo-hydroxy or -alkoxy substituent occupies an axial position. The synthetic availability of
these compounds and their structural properties make them promising substrates for atropo-enantioselective
reductions as a novel method in stereoselective biaryl synthesis.** Quantumchemical calculations on structures
and dynamics of these compounds are described in the following paper.15

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 and "'C NMR spectra were taken on a Bruker AC 200 (200 MHz), AC 250 (250 MHz) or DMX 600
(600 MHz). Chemical shifts are given in parts per million (ppm) with the deuterated solvent as internal
reference. Coupling constants, J, are given in Hertz. In >C NMR spectra, sometimes not all quaternary Ar-C
signals were detected due to their similary shifts and to their long T, relaxation times. Mass spectra were

70 eV in the EI mode.

General procedure A for the reduction of the lactones 2b, 2d, and 2f to the alcohols Sb, 5d, and 5f.
According to a previously described pror.:edure,16 2.00 equivalents of LiAlH, were added to a solution of the
lactone 2 in THF (5 ml/mmol 2). After | h of stirring at room temperature, the reaction mixture was quenched
carefully with water (5 ml/mmol 2), slightly acidified with 2N HCl, extracted with diethyl ether (3 x 5ml

/mmol

)
.
SQ,. The solvent was removed in vacuo and the residue was chromato

o o
1 3 v iVig 4- ai! Vi W ATV {4 . ! Lo § w ywas Ui 88t 13
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2-Hydroxymethyi-1-(Z'-hydroxy-3'-isopropyiphenyi)naphthaiene (Sb). According to the general
procedure A, reduction of 2b (1.35 g, 4.68 mmol) gave Sb (1.34 g, 4.58 mmol, 98%) as a colorless oil. From
petroleum ether / diethyl ether, Sb (1.20 g, 4.10 mmol, 88%) was obtained as white crystals; mp 117 °C; IR
(KBr): ¥ 3320, 3040, 2950, 2850, 1425, 1240, 1050, 810, 745, '"H NMR (250 MHz, CDCl,): & = 1.30, 1.31
[d, J = 7.0 Hz each, 3H each, CH(CH;),], 3.35 [sept, J = 7.0 Hz, 1H, CH(CH;),], 4.58 (d, J = 5.5 Hz, 2H,
CH,OH), 4.84 (s, 1H, 2'-OH), 6.96 (dd, J = 7.6 Hz, J = 1.8 Hz, 1H, 4'-H or 6'-H), 7.05 (t, / = 7.5 Hz, 1H, 5'-
H),7.34 (dd, J=7.2 Hz, J = 1.8 Hz, 1H, 4'-H or 6'-H), 7.36-7.55 (m, 3H, Ar-H), 7.72 (d, J = 8.3 Hz, 1H, 3-H

or4-H), 790 (d, J=7.9Hz, 1H, 8H), 797 (d, J=8.5 Hz, 1H, 3-H or 4-H); ‘3(‘NMR(6’¥MH7 CDCL): 8 =

22.59, 22.65 [CH(CHa),], 27.13 [CH(CHa,),], 63.65 (CH,0H), 120.6, 123.9, 126.1, 126.2, 126.3, 126.7, 128.0,
128.3, 129.0, 132.2, 132.8, 133.3, 135.8, 137.5, 150.5 (Ar-C); MS: m/z (%) = 292 (7) (M}, 274 (100) [M" -
H,0], 273 (56) [M" - H,01], 259 (32) [M" - CHs0], 232 (21), 231 (31); Anal. calcd. for CyoH05 (292.4): C,
82.16; H, 6.89. Found: C, 81.88; H, 6.97

2-Hydroxymethyl-1-(2'-hydroxy-3'-isopropyl-6'-methoxyphenyl)naphthalene (5d). According to the
general procedure A, 2d (350 mg, 1.10 mmol) was reduced to yield in 5d (344 mg, 1.07 mmol, 97%) as a
colorless oil, which gave white crystals of Sd from petroleum ether / diethyl ether: mp 158 °C; IR (KBr)‘ v
3515, 3280, 3040, 2940, 1590, 1480, 1280, 1205, 1090, 955, 820, 790, 755; '"H NMR (250 MHz, CDCl,): &6 =

[§8]
\O
-
[= T
S~
1}
~J
[}
sl
N
2 !
(%]
j=n
W
"I!

: 5(d, J=8.5 Hz, 1H, jﬂor4H), 31 NMR (63 MHz, C
22.73 [CH(C’I—I3)2], 6.8 [CH(CH’;)Q], 55.83 (OCH3), 64.17 (CH,OH), 103.2, 112.5, 125.5, 126.2, 126.3,
126.8, 127.0, 128.2, 128.4, 129.3, 132.5, 133.5, 138.7, 151.2, 155.5 (Ar-C); MS: m/z (%) = 322 (16) [M"],
304 (67) [M" - H,0], 289 (100) [M" - CH;0], 202 (12); Anal. caled. for C,;H»0; (322.4): C, 78.23; H, 6.88.
Found: C, 78.06; H, 7.05.

m

2-Hydroxymethyl-1-(2'-hydroxy-3'-isopropyl-6'-methylphenyl)naphthalene (5f). According to the

general procedure A, 2f (1.40 g, 4.63 mmol) was converted into 5f (1.41 g, 4.60 mmol, 99%) as a gummy oil:
1] £ Q18 78N ’L’l ANRAAD &SN RALT-
IR ({ilm): Vv 3470, 3370, 3040, 2940, 2910, 2860, 1410, 1255, 1195, 1145, 815, 750; 'H NMR (250 MHz,
AT Y N < 1 N7 ¥ ~T N TT, rass el rfar s Yl 1 = 7 NTTY FA N it Y N AT ~ N YT TY ralsifal s
CDCl3): 0= 1.26 {d, J = 7.0 Hz, 6H, CH(CH,),], 1.78 (s, 3H, 6'-CHay), 3.27 {sept, J = 7.0 Hz, 1H, CH(CH,),],

1

4.48 (s, 2H, CH,OH), 4.72 (s, 1H, 2'-OH), 6.93 (d, J = 7.9 Hz, 1H, 5-H), 7.24 (d, J = 7.9 Hz, 1H, 4'-H), 7.33-
7.44 (m, 2H, Ar-H), 7.47-7.55 (m, 1H, Ar-H), 7.71 (d, J = 8.5 Hz, 1H, 3-H or 4-H), 7.90 (d, J = 7.9 Hz, IH, 8-
H), 7.93 (d, J = 8.5 Hz, 1H, 3-H or 4-H); "C NMR (63 MHz, CDCl;): 8 = 20.03, 23.09, 23.21 [CH; and
CH(CHs),], 27.55 [CH(CH,;),], 64.05 (CH,OH), 122.6, 124.1, 125.9, 126.3, 126.8, 127.4, 128.7, 129.6, 131.5,
132.9,133.2, 134.0, 135.6, 138.2, 150.8 (Ar-C); MS: m/z (%) = 306 (7) [M*], 288 (100) [M“ - H,0], 273 (69)
[M* - CH;0l, 245 (19), 215 (14); Anal. calcd. for CyHx0, (306.4): C, 82.32; H, 7.24. Found: C, 81.74; H,
7 38
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General procedure B for the oxidation of the alcohols 5a-g to the hydroxy sldehydes 4a-g. 2.50

____________ Y LA, LY., Iy PG, N £, —_ _.1 . P P £ TN A1...1

cqunv:ucnia () pyummuu Criior i H I'LL} WECIC aadeda in

n o

portions at -10 °C to a solution of the alcohol § in THF (5 mi/mmol §). After stirring at room temperature for
0.5 - 2.0 h, the reaction mixture was quenched with water (5 ml/mmol §), extracted with diethyl ether (3 x 5

l

ml/mmol §), and dried over MgSO,. The solvent was removed in vacuo and the residue chromatographed on
silica gel (petroleum ether / diethyl ether 10:1 — 3:1) to yield the pure hydroxy aldehyde 4 as a slightly yellow
oil.

6H-Benzo[blnaphtho[1,2-d]pyran-6-ol (3a) = 1-(2'-hydroxyphenyl)naphthalene-2-carbaldehyde

(4a) and 6,6'-oxybis-(6H-benzo[blnaphtho[1,2-d]pyran) (6a). Accm‘.ing to the general procedure B, Sa
(450 mg, 1.80 mmol) was oxidized. After chromatograph ¢ removal of the more rapidly eluting side products,
bisacetal 6a (f-w 1 mg, 83.8 'p.luul 5%) and lactone 2a (70 8 mg, 287 pimol S on of

—~ £z 07  emzseem
287 umol, 16%), a pure solution of 3a/4a was
2 k] b

was removed at room temperature or at -10 °C, condensation of 3a/4a to 6a occurred partially. 3a/4a was
further characterized by its conversion into pure 6a (301 mg, 629 umol, 70%), by crystallization from petro-
leum ether / diethyl ether.

The acid catalyzed cleavage of 6a with traces of DCl in Dg-THF / Dg-DMSO / D,0 (10:10:1), performed
in an NMR tube in an analytical scale, yielded a pure mixture of 4a/3a: ratio of isomers 4a : 3a = 52 : 48, The

NMR (600 MHz, Dg- THF ! DO/ nr—nMSﬂ / DCI 10: 1O:l:tracc): 4a: § =561 (s, O.2u, 2'—0“), 697 (td, J =
7.5Hz, /=1.1Hz 1H 5-H), 7.14 {m,, 2H, 3-H and 6-H), 7.35 (tm, J=75Hz, 1H,4-H), 746 (tm, J = 7.6
Hz, 1H, 6-H), 7.63 (m., 2H, 5-H and 7-H), 7.94, 7.98 (d, d, J = 8.6 Hz each, 1H each, 3-H and 4-H), 7.98 (.,
iH, 8-H), 9.84 (d, /= 0.9 Hz, iH, CHO). 3a: 6 =6.33 (s, 1H, 6-H), 7.17 (m,, 2H, 2-H and 5-H), 7.33 (tm, J =
8.7 Hz, 1H, 3-H), 7.54 (d, J = 8.4 Hz, 1H, 7-H or 8-H), 7.58 (tm, J = 7.6 H, 1H, 11-H), 7.90 (d, J = 8.2 Hz, 7-

H or 8-H), 7.96 (m,, 1H, 9-H), 8.12 (dd, J = 7.7 Hz, J = 1.5 Hz, 1H, 1-H), 8.65 (d, J = 8.5 Hz, 1H, 12-H). C

NMR (150 MHz, Dg-THF / D0 / D-DMSO/DCI 10:10:1:trace): 4a: 8 = 116.7 (C-3"), 119.7 (C-5"), 122.4 (C-3
or C-4), 127.6 (C-6), 128.3 (C-5 or C-7), 128.9, 129.2 (C-3 or C-4 and C-8), 129.6 (C-5 or C-7), 130.9 (C-4",
133.1 (C-6'), 193.1 (CHO). 3a: 6 = 94.48 (C-6), 119.9, 122.4 (C-2 and C-4), 124.5 (C-7 or C-8), 126.2 (C-12),
126.8 (C-10), 127.7 (C-11), 128.6 (C-1), 129.1 (C-7 or C-8), 129.6 (C-3), 130.0 (C-9). Signals for quaternary

5
H and 6'-H), 7.02 (d, J = 8.5 Hz, 2H, Ar-H), .30 (m, 2H, Ar-H), 7.42-7.57 (m, 8H, Ar-H), 7.66 d, J =
8.2 Hz, 2H, Ar-H), 7.80 (dm, J = 7.6 Hz, 2H, Ar—H), 8.11 (d, /= 7.6 Hz, 2H, Ar-H), 8.63 (d, J = 7.6 Hz, 2H,
Ar-H); °C NMR (63 MHz, CDCl,): § = 93.64 (6-C and 6'-C), 118.6, 122.5, 122.8, 123.2, 125.6, 126.2, 126.4,
126.7, 128.4, 128.5, 128.8, 129.5, 134.8, 151.4 (ArC); MS: m/z (%) = 478 (0.2) [M*], 476 (0.3) [M" - H,], 246
(16) [C17H 40,71, 231 (100) [Cy;H;,071, 218 (14), 202 (30); Anal. calcd. for C34H,,05 (478.6): C, 85.34; H,
4.63. Found: C, 85.87; H, 4.52.
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hromatographic
separation gave the bisacetal 6b (192 mg, 342 pmol, 2%), the lactone 2b (520 mg, 1.80 mmol, 11%), the lactol
3b / hydroxy aldehyde 4b (3.18 g, 11.0 mmol, 64%) and the alcohol Sb (260 mg, 889 pmol, 5%) as slightly
yellow oils in the oder of elution. From dichloromethane / diethyl ether / petroleum ether, 6b was obtained as

According to the general procedure B, 5b (5.00 g, 17.1 mmol) was oxidized with PCC.

colorless crystals in nearly quantitative yield, while 3b afforded colorless crystals from diethyl
ether / petroleum ether (2.15 g, 7.42 mmol, 60%), mp 90 °C; IR (KBr): Vv 3270, 3030, 2950, 2860, 1455,
1185, 1050, 1000, 980, 825, 810, 745; in CDCl,, ratio of isomers 4b : 3b = 17 : 83; '"H NMR (250 MHz,
CDClL): db: 8=1 .32, 1.35(d, d, J = 6.9 Hz each, 3H each, , CH(CH,),), 3.34 (sept, J = 6.9 Hz, 1H, CH(CH,),)

DCly 1z each, 3H each CHs)y), 3.34 (sept, J = 6.9 Hz, 1H, CH(CH,),),

.60 (s, 1H, 2'-OH), 7.08 (m,, 2H, Ar-H), 7.41 (m, 1H, Ar-H), 7.51 (m, 1H, Ar-H), 7.62 (m., 1H, Ar-H), 7.65
(“ﬁc 1H, Ar-H), 7.68 (m,, 1H, Ar-H), 7.91 {m,, 1H, Ar-H), 8.10(d, J=8.5 Hz, 1H, 12-H), .89 (d, /= 0.9 Hz,
1H, CHO); 3b: 6 = 1.33, 1.34 {d, d, / = 6.9 Hz each, 3H each, CH(CH;),], 3.26 {d, J = 8.5 Hz, iH, 6-OH),
3.56 [sept, J = 6.9 Hz, IH, CH(CH3),], 6.39(d, J = 8.2 Hz, 1H, 6-H), 7.19 (t, / = 7.7 Hz, 1H, 2-H), 7.33 (dd, J

=7.7Hz,J=12Hz, 1H, 3-H), 7.46 (d, J = 8.2 Hz, 1H, 7-H or 8-H), 7.57 (m,, 2H, Ar-H), 7.83 (d, J = 8.2 Hz,
1H, 7-H or 8-H), 7.91 (m,, 1H, Ar-H), 7.98 (dd, J = 7.7 Hz, J = 1.2 Hz, 1H, 1-H), 8.69 (m,, 1H, 12-H); °C
NMR (63 MHz, CDCly): 4b: & = 22.58, 22.61 [CH(CHa)], 27.10 [CH(CH3),], 120.5, 122.4, 126.1, 127.0,
127.1, 127.5, 128.5, 132.3, 135.3, 136.4, 141.0, 150.7 (Ar-C), 192.5 (CHO); 3b: & = 22.68, 22.87 [CH(CH3),],
27.10 [CH(CHa),], 93.60 (C-6), 121.7, 121.8, 122.9, 125.6, 125.9, 126.2, 126.7, 128.4, 128.9, 129.0, 129.3,
131.5, 134.8, 139.0, 148.5 (Ar-C); MS: m/z (%) = 290 (100) [M'], 273 (70) [M" - OH], 257 (23) [M

.5, 134.8, 139.0, 148.5 (Ar-C); MS: m/z (%) = 290 (100 OH], 257 (23) [M" - CH:0]l,
247 (47) [M" - C:H7], 202 (31), 101 (30); Anal. caled. for CooH 1505 (290.4): C, 82.73; H, 6.25. Found: C,
82.05; H, 6.27. 6b: mp 248 °C; IR (KBr): Vv 3050, 3030, 2950, 2910, 2850, 1580, 1560, 1505, 1455, 1380,

80 0 5; '"H NMR (250 MHz, CDCl3): 8 = 1.42, 1.55 [d, d, J = 7.0 Hz each, 6H
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each, 2 CH(CHs),], 3.88 [se ,J =7.0 Hz, 1H, 2 CH(CH3),], 6.81 (d, J = 8.2 Hz, 1H, 6-H and 6-H), 6.92 (d, J
=7.9 Hz, 2H, 1-H and 1'-H or 3-H and 3'-H), 7.24 (t, J = 7.9 Hz, 1H, 2-H and 2'-H), 7.38-7.58 (m, 6H, Ar-H),
7.64 (d, J = 8.5 Hz, 2H, Ar-H), 7.80 (dm, J = 7.9 Hz, 2H, 7-H and 7"-H or 8-H and 8'-H), 7.95 (d, J = 6.7 Hz,
2H, 12-H and 12"-H), 8.64 (d, J = 7.9 Hz, 2H, 7-H and 7"-H or 8-H and 8'-H); '*C NMR (63 MHz, CDCl,): & =
22.27, 24.55 [CH(CHs),], 26.85 [CH(CH3),], 94.08 (C-6 and C-6"), 122.0, 122.3, 122.7, 125.6, 125.8, 126.1,

126.6, 127.0, 128.3, 128.8, 129.0, 129.5, 134.8, 137.9, 148.2 (Ar-C); MS: m/z (%) = 562 (0.1) [M"], 289 (4)
IM* - CypH;;01, 288 (17) [M' - CyH 401, 274 (m) [CyH 301, 273 (100) [CaH;70"]; Anal. caled. for
d

Loy, ! CyoHis (10 100070 Ahal. caicd. Ior
"

2R-H N0 Fn
. J.uz. I

O, XL,
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1-(4',6'-Dimethoxy-2'-hydroxyphenyl)naphthalene-2-carbaldehyde (4c). According to the general
procedure B, oxidation of Sc¢ (200 mg, 644 pmol) gave 4c¢ (145 mg, 470 pmol, 73%). From diethyl
ether / petroleum ether, 4c was obtained as a yellow-green powder mp 177-178 °C; IR (KBr): V 3220, 2960,
2920, 1645, 1605, 1580, 1415, 1235, 1205, 1155, 1095, 815; '"H NMR (200 MHz, CD,0D): & = 3.37 (s, 3H,
6'-OCHj3), 3.65 (s, 3H, 4-OCH3), 6.04, 6.08 (d, J = 2.1 Hz each, 1H each, 3'-H and 5'-H), 7.20 (m,, 1H, Ar-H),
7.31-7.45 (m, 2H, Ar-H), 7.62-7.77 (m, 3H, Ar-H), 9.63 (s, 1H, CHO), [In CDCl; 4b decomposed.]; *C NMR
(63 MHz, CD;0D): 8 = 55.84, 56.05 (OCHj; at C-4' and OCH; at C-6'), 91.21, 94.56, 104.2, 122.6 127.5,

AL, AAUIL) [OAS AV L2203 AR & 4 FAdeda oV, AV Lol Sy R

128.3,128.9, 129.2, 129.7, 133.2, 134.5, 138.0, 142.6, 158.2, 160.9, 163.6 (Ar-C), 195.1 (CHO); MS: m/z (%)

ALt 207 s11y raat I AN 11 Ny raat MITT N ra at+ MM AAN YT MY

=308 (100) (M"], 307 (11) {M" - H], 291 (10) [M" - OH], 280 (26) {M" - CO], 249 (i3) [M" - C,H;0,], 248
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1-(2'-Hydroxy-3'-isopropyi-6'-methoxyphenyi)naphthalene-2-carbaldehyde (4d). According to the
general procedure B, 8d (100 mg, 310 umol) was converted into 4d (73.9 mg, 231 umol, 75%), which gave
colorless crystals of 4d from petroleum ether / diethyl ether: mp 190 °C; IR (KBr): v 3350, 3040, 2940, 2860,
1665, 1585, 1475, 1420, 1275, 1085, 815, 785; 'H NMR (250 MHz, CDCl;): § = 1.27, 1.30 [d,d, /=69 Hz
each, 3H each, CH(CH;),], 3.23 [sept, J = 6.9 Hz, 1H, CH(CHj;),], 3.61 (s, 3H, OCHj;), 4.46 (s, 0.7H, 2'-OH),
6.64 (d, J = 8.7 Hz, 1H, 5-H), 7.33 (d, J = 8.7 Hz, 1H, 4-H), 7.52 (m,, 1H, Ar-H), 7.62 (m., 2H, Ar-H), 7.95
(m, 1H, Ar-H), 8.00, 8.12 (d, d, J = 8.7 Hz each, 1H each, 3-H and 4-H), 9.88 (s, 1H, CHO); *C NMR (63
MHz, CDCl;): 8 = 23.44 [CH(CH;),], 27.73 [CH(CH,),], 56.04 (OCH,), 103.6, 1122, 122.8, 1278, 1280

L2 HASZ PR N ¢ F L3N RS2 RIARSA N 53 5% A l&y L&4L.0, 1L 4 L0V,

128.1, 129.3, 129.5, 129.8, 130.0, 133.4, 134.2, 138.1, 142.1, 154.0, 157.8 (Ar-C), 194.7 (CHO); MS: m/z (%)
=320 (61) [M"], 305 (100) [M" - CH3], 277 (3%9) [M" - C3H-], 202 (11); Anal. caled. for CyHagOs (320.4): C
78.73; H, 6.29. Found: C, 77.97; H, 6.45.

1-(4',6'-Dimethyl-2'-hydroxyphenyl)naphthalene-2-carbaldehyde (4e). According to the general
procedure B, Se (896 mg, 3.22 mmol) was converted into 4e (787 mg, 2.85 mmol, 88%), which gave colorless
crystals of 4e from petroleum ether / diethyl ether: mp 151-152 °C (lit."*: 143-145 °C); >C NMR (63 MHz,
CDCl,): 8 = 20.06, 21.32 (CH; at C-4' and CH, at C-6'), 113.8, 118.0, 122.4, 123.3, 126.5, 127.5, 128.5,
129.1, 129.3, 132.1, 132.2, 136.6, 138.5, 140.0, 140.8, 153.6 (Ar-C), 192.7 (CHO). The further spectroscopic

were identical to those of material nrewmm]v obtained.?

1-(2'-Hydroxy-3'-isopropyl-6'-methylphenyl)naphthalene-2-carbaldehyde (4f). According to the
general procedure B, oxidation of 5f (378 mg, 1.23 mmol) yieided 4f (342 mg, 1.12 mmol, 90%). From diethyi
ether / petroleum ether, 4f was obtained as colorless crystals: mp 183 °C; IR (KBr): ¥V 3400, 3040, 2940, 2860,
1665, 1445, 1420, 1230, 820, 800; 'H NMR (200 MHz, CDCl,): 8 = 1.27, 1.30 [d, d, J = 6.9 Hz each, 3H
each, CH(CHs5),], 1.82 (s, 3H, 6'-CH;), 3.24 [sept, J = 6.9 Hz, 1H, CH(CH,),}, 4.33 (s, 1H, 2'-OH), 6.95 (d, J =
7.8 Hz, 1H, 5'-H), 7.28 (d, J = 7.8 Hz, 1H, 4'-H), 7.42-7.61 (m, 2H, Ar-H), 7.62-7.73 (m, 1H, Ar-H), 7.97 (d, J
= 8.5 Hz, 1H, 3-H or 4-H), 8.01 (d, J = 9.0 Hz, 1H, 12-H), 8.13 (d, / = 8.5 Hz, 1H, 3-H or 4-H), 9.84 (d, J =

0.7 Hz, 1H, CHO); "*C NMR (63 MHz, CDCl;): 8 = 19.88, 22.61, 22.68 [CH; and CH(CH,),], 27.02
a4

[
o W

1-(4',6'-Di-tert-butyl-2'-hydroxyphenyl)naphthalene-2-carbaldehyde (4g). According to the general
procedure B, 5g (384 mg, 106 mmol) was oxidized to yield 4g (318 mg, 882 pmol, 83%). Crystallization from
petroleum ether / diethyl ether afforded 4g as colorless crystals: mp 175 °C; IR (KBr): vV 3340, 2940, 2850,
1645, 1600, 1445, 1400, 1295, 1235, 970, 855, 810, 760; 'H NMR (250 MHz, CDCL): 8 = 0.96 [s, 9H, 6'-
C(CHs;)s], 1.40 [s, 9H, 4'-C(CHx)3], 4.18 (s, 1H, 2'-OH), 6.92, 7.32 (d, J = 1.8 Hz each, 1H each, 3'-H and 5-
H), 748 (tm, J = 7.5 Hz, 1H, Ar-H), 7.57-7.69 (m, 2H, Ar-H), 7.95 (m_, 1H, Ar-H), 7.99, 8.09 (d,d, J=86Hz

4 125, 128, 4 VR, LI, AAI=IR), 1T 0 (A, adL, AL e My o = OV 1id

each, 1H each, 3-H and 4-H), 9.88 (d, J = 0.6 Hz, 1H, CHO); "’C NMR (63 MHz, CDCl3): § = 31.35, 32.54

£ LT A NTT AT A rﬁ It Y Palfad

[C{CH,;); at C-4' and C(CHa;); at C-6'], 34.97, 37.24 Hj); at C-4' and C(CH3); at C-6'], 110.3, 1i2.9,
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1175, 1223 1273 1274 1284 1203 13311336, 1363, 1499 153.0(Ar-C) 192 8 (CHO): MS: m/7 (%)

1175,122.3,127.3, 1274, 128.4, 129.3, 133.1, 133.6, 136.3, 149.9, 153.0 (Ar-C), 192.8 (CHO); MS: m/z (%)
+ + + +

= 360 (18) [M'], 303 (100) [M" - C,H], 247 (19) [M" - CgH,s], 57 (38) [C,Hs']; Anal. caled. for CysHagO;

(360.5): C, 83.30; H, 7.83. Found: C, 83.02; H, 7.73.

Generai procedure C for preparation of the 6-aikoxy-6H-pyrans 7 and 8. The hydroxy aldehyde 4,
molecular sieve (4 A, 5 g/100 mg 4), and a catalytic amount of pTosOH were dissolved in the alcohol (5
ml/100 mg 4), and refluxed for 24 h. K,CO; (100 mg/100 mg 4) was added and the solvent removed in vacuo.
Chromatography on deactivated silica gel (7.5% NHj, petroleum ether / diethyl ether 20:1) afforded the 6-
alkoxy-6H-pyrans 7 or 8 as slightly yellow oils.

For complete conversions to the 6-alkoxy-6H-pyrans 7a and 7b, toluene (3.5 ml/mmol 4e) was added to
the reaction mixture after refluxing. The residual alcohol was distilled off and the remaining solution refluxed

acain for 3 h before workun
again for ciore workup w I 1 DoV

1 2 MNHeaanthol
Ay I=AFIRIICUIRY K=

C, 4e (300 mg, 1.09 mmol) was converted with methanol into 7a (286 mg, 985 umol, 90%), which gave
coloriess crystals (253 mg, 871 pumol, 80%) from petroleum ether / diethyl ether: mp 142 °C; IR (KBr): ¥
3010, 2900, 2810, 1595, 1425, 1075, 1040, 935, 810; in CDCl,, ratio of diastereomers ax-7a : eqg-7a = 91:9;
'H NMR (250 MHz, CDCl,): ax-7a: § = 2.26 (s, 3H, 1-CHj), 2.42 (s, 3H, 3-CHy), 3.55 (s, 3H, OCH,), 5.91 (s,
1H, 6-H), 6.93, 6.95 (s, s, 1H each, 2-H and 4-H), 7.43-7.55 (m, 3H, Ar-H), 7.82-7.99 (m, 3H, Ar-H); eq-7a: &
=2.26 (s, 3H, 1-CH3), 2.42 (s, 3H, 3-CH,), 3.88 (s, 1H, OCH3), 5.67 (s, 1H, 6-H), 6.93, 6.95 (s, s, 1H each, 2-
H und 4-H), 7.43-7.55 (m, 3H, Ar-H), 7.67-7.99 (m, 3H, Ar-H); "C NMR (63 MHz, CDCl,): ax-7a: § = 21.32,
22.94 (CH; at C-1 and CHj at C-3), 56.10 (OCH3), 100.1 (C-6), 116.1, 120.4, 123.2, 125.4, 125.9, 126.8,

1,3-Dimethyl-6-ethoxy-6H-benzo[bInaphtho[1,2-d]pyran (7b). According to the general procedure C,
4e (300 mg, 1.09 mmol) was cyclized with ethanol to 7b (283 mg, 930 pmol, 85%). From diethyl
ether / petroleum ether, 7b (253 mg, 831 pmol, 76%) was obtained as colorless crystals: mp 124 °C; IR (KBr):
v 3020, 2950, 2880, 1600, 1435, 1315, 1080, 1030, 970, 810; in CDCl,, ratio of diastereomers ax-7b : eq-7b
= 88:12; '"H NMR (250 MHz, CDCLy): ax-7b: & = 1.20 (t, 3H, J = 7.0 Hz, CH,CH,), 2.25 (s, 3H, 1-CH»), 2.41

oy 9
113}, 4.
1 2 g
1

T

o Y
LJ

rr

A O

~ A w13~ n

42-7.54 (m, 3H, Ar-H), 7.73-7.90 (m, 3H, Ar-H); "C NMR (63 MHz, CDCl,):
ax-Tb: & = 15.04 (CH,CH,), 21.32, 22.96 (CHj at C-1 and CH; at C-3), 64.12 (OCH,), 98.74 (C-6), 116.0,
120.4, 123.1, 125.3, 125.9, 126.6, 127.2, 127.5, 127.7, 128.1, 129.1, 131.9, 134.3, 135.8, 138.4, 152.4 (Ar-C);
eq-Th: & = 15.33 (CH,CH,), 22.44, 22.96 (CH; at C-1 and CH; at C-3), 65.90 (OCH,), 101.5 (C-6), 115.1,
120.5, 121.4, 1254, 125.6, 126.3, 127.0, 128.3, 128.7, 134.2, 134.7, 139.0 (Ar-C); MS: m/z (%) = 304 (24)
[M™], 259 (100) [M* - OC,H;s], 216 (10), 215 (18); Anal. cacld. for Cy/H,,0, (304.4): C, 82.86; H, 6.62.
Found: C, 82.64; H, 6.76.

)
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3.Dimethvl-§-isonronoxv-6H-henzolblnanhthol1.2-dInvran (7¢). According t the general

,3-Dimethyl-6-1sopropoxy-6ii-benzo{ b Inaphtho{ 1.2-d jpyran (/c) \ccording o e g
mrnnadyy N Aa (2000 mao 1 0O mmnl) ac ranvartad with icnnranannl inta Te (R4 mo QD 1imnl 70N
P‘-U\/wul ., =TT ‘JUU llls’ 1.0z lll.ll.lUl} YWAd LUl vuliilvag willl lDUlJlUl.’allUl A1 TR L &7 115 7 de Hdll\)l VL iU,

which gave colorless crystals (250 mg, 785 pumol, 72%) from petroleum ether / diethyl ether: mp 72 °C; IR

P -~ A 3 e ~m

(KBr): v 3010, 2940, 2900, 1595, 1115, 1065, 1035, 970, 835, 805; in CDCl;, ratio of diastereomers ax-7Tc :

eq-Tc = 83:17; 'H NMR (250 MHz, CDCl,): ax-7¢: 8 = 1.08, 1.33 [d, d, J = 6.4 Hz each, 3H each, CH(CH5),],
2.26 (s, 3H, 1-CH,), 2.42 (s, 3H, 3-CHj;), 4.27 [sept, J = 6.4 Hz, 1H, OCH(CHj3);], 6.11 (s, 1H, 6-H), 6.91 (s,
2H, 2-H and 4-H), 7.40-7.54 (m, 3H, Ar-H), 7.82-7.92 (m, 3H, Ar-H); eq-7¢: 8 =139, 1.50 [d, d, J = 6.4 Hz
each, 3H each, CH(CHs),], 2.26 (s, 3H, 1-CHa,), 2.42 (s, 3H, 3-CH;), 4.40 [sept, J = 6.4 Hz, 1H, OCH(CH;),],
5.84 (s, 1H, 6-H), 6.91 (s, 2H, 2-H and 4-H), 7.40-7.54 (m, 3H, Ar-H), 7.74-7.92 (m, 3H, Ar-H); °C NMR (63

MHz, CDClL;): ax-7¢: & = 21.30, 21.76, 22.96, 23.06 [CH; at C-1, CH; at C-3 and CH(CH;),], 70.04

—

135.7, 139.0, 153.6 (Ar-C); MS: z(%)—318(71)[MJ 276 (100) [M* - C5Hg), 261 (15) [M* - OC3Hs],
(20) [M* - OC;3Hg], 259 (86) [M* - OC;H,], 248 (34), 233 (31), 215 (31); Anal. cacld. for Co,H,,0, (318.4): C,
82.99; H, 6.96. Found: C, 83.51; H, 7.05.

1,3-Dimethyl-6-neopentoxy-6H-benzo[blnaphtho[1,2-d]pyran (7d). According to the general
procedure C, cyclization of 4e (200 mg, 724 umol) with neopentyl alcohol gave 7d (155 mg, 447 umol, 62%)
as a slightly yellow gummy oil: IR (KBr): v 3030, 2930, 2850, 1600, 1455, 1140, 1100, 1080, 1050, 1025,

R10: in CDCL., ratio of diastereomers ax-7d : 2g-7d = 77:23: I NMR (250 MH> CDCOLY v Td- & =NTA I¢
TivV, 1l cariid, caul Vi waasieaincss a-7a - i1 ey AR ANAVRIN \ &V VA Ry oarady amia. © V.79 o,
QLY NI NT D& (e 2T 1 NI D AN e 2T 2 MY 2128 28774 T_QONLI-. M NOLTY £ Q£ 7 1LY £
7, Uil jay, £.20 (8, O511, 1-Lrn13), 2.4V (8, 5, 3-ni3j, 3.5J5, 3.0 04, v = 5.V ni, cn, Ulnyj, 5.70 {8, i, &-
TN £ N 7 ATTY " TY P | A T WY 7 A1 £ ra aTT A TN ~ IO T NN 7 h ¢ A YN L 0 ] o 1 1 r NnYTY
), 0.YU (S, 411, 4Z-n1 anda 4-11), /.41-/.25 (In, 311, Ar-n), /./9-/.90 (1, s, A-11); eq-1 o= 1.111]s,9H1

: . 3H

C(CHa)s], 2.25 (s, 3H, 1-CH3), 2.40 (s, 3H, 3-CHj), 3.46, 4.02 (d, J = 8.9 Hz, 2H, OCH,), 5.71 (s, 1H, 6-H),
6.90 (s, 2H, 2-H and 4-H), 7.41-7.53 (m, 3H, Ar-H), 7.75-7.90 (m, 3H, Ar-H); "*C NMR (63 MHz, CDCL):
ax-7d: & = 21.27, 22.79 (CH; at C-1 and CHj at C-3 ), 26.44 [C(CHa)s], 31.77 [C(CH,)s], 78.09 (OCHy),
99.24 (C-6), 116.2, 123.2, 125.3, 125.8, 126.3, 127.2, 127.4, 127.5, 128.1, 129.1, 132.4, 134.3, 135.6, 138.2,
152.5 (Ar-C); eg-7d: & = 21.38, 22.44 (CH; at C-1 and CH, at C-3 ), 26.79 [C(CHs)s], 32.31 [C(CHs)3], 80.56
(OCH), 102.1 (C-6), 115.1, 120.6, 125.4, 125.6, 126.2, 127.0, 127.6, 128.3, 128.8, 134.2, 134.9, 135.7,
139.0, 153.5 (Ar-C); MS: m/z (%) = 346 (42) [M*], 276 (48) [M" - CsHyo], 259 (100) [M* - OCsH;,], 248 (16),

Uy ==

215 (18), 71 (27) [CsH11™); Anal. cacld. for C,3H,60, (346.5): C, 83.20; H, 7.56. Found: C, 83.98; H, 7.38.
4-Isopropyi-6-methoxy-6H-benzo[bjnaphtho[1,2-d]pyran (8a). According to the general procedure C,
3b/4b (100 mg, 344 pmol) was converted with methanol into 8a (95.0 mg, 312 umol, 91%), which gave
colorless crystals (88.7 mg, 291 pumol, 85%) from petroleum ether / diethyl ether: mp 97-98 °C; IR (KBr): v
3040, 2940, 1455, 1380, 1175, 1080, 980, 955, 805, 740; '"H NMR (250 MHz, CDCl3): 6=1.33,1.39[d,d, J
= 7.0 Hz each, 3H each, CH(CH5).], 3.61 (s, 3H, OCHs3), 3.68 [sept, J = 7.0 Hz, 1H, CH(CHj3);], 6.03 (s, 1H,
6-H), 7.21 (t, J=7.6 Hz, 1H, 2-H), 7.35 (dd, J = 7.6 Hz, J = 1.5 Hz, 1H, 3-H), 746 (d, J=8.5Hz, 1H, 7-H or

8-H), 7.50-7.61 (m, 2H, Ar-H), 7.85 (d, J = 8.5 Hz, 1H, 7-H or 8-H), 7.88-7.95 (m, 1H, Ar-H), 8.01 (dd, J =
7.6 Hz, J= 1.5 Hz, 1H, 1-H), 8.71 (m,, 1H, 12-H); °C NMR (63 MHz, CDCl3): § = 22.65, 24.02 [CH(CHj),],

0
26.38 [CH(CH;).], 56.37 (OCH,3), 100.3 (C-6), 121.7, 122.2, 123.2, 125.8, 126.0, 126.1, 126.6, 126.8, 128.2,
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1289, 129.1, 130.4, 134.9, 1383, 148.5 (Ar-C); MS: m/z (%) = 304 (18) [M*], 273 (100) [M* - OCH;],
258(15), 257 (20), 202 (19), 101 (14); Anal. calcd. for CyyHyO; (304.4): C, 82.87; H, 6.62. Found: C, 82.90;
H, 6.54

4-Isopropyl-6-ethoxy-6H-benzo[b]naphtho[1,2-d]pyran (8b). According to the general procedure C,
3b/4b (100 mg, 344 pumol) was cyclized with ethanol to 8b (99.1 mg, 311 pmol, 90%). From diethyl
cther / petroleum ether, 8b (89.3 mg, 280 pmol, 82%) was obtained as colorless crystals: mp 89-90 °C; IR
(KBr): Vv 3050, 2950, 2910, 2850, 1460, 1445, 1070, 985, 810, 740; '"H NMR (250 MHz, CDCL,): § = 1.23 [t,
J=7.0 Hz, 3H, CH,CH;], 1.32, 1.36 [d, d, J = 7.0 Hz each, 3H each, CH(CH3),], 3.66 (sept, J = 7.0 Hz, 1H,
CH(CH;),), 3.90, 3.97 (dq. dq, J = 33.0 Hz each, J = 7.0 Hz each, 1H each, CH,CHx), 612 (s, 1H, 6-H), 7.19

(t,J=76Hz, 1H,2-H),733(dd, J=76Hz, J=15Hz, 1H,3-H), 746 (d,J =82 Hz, IH, 7-H or 8-H), 7.48-
7.60 (m, 2H, Ar-H), 7.84 (d, / = 8.2 Hz, 1H, 7-H or 8-H), 7.88-7.93 (m, 1H, Ar-H), 8.00 (dd, /=79 Hz, J =

. 13 p Ty ~ E A T AT N AA ro A GO
1.5 Hz, 1H, I-H), 8.70 (m,., 1H, 12-H); "C NMR (63 MHz, CDCl;): 6 = 15.04 (OCH,CH>), 22.68, 23.88

{CH(CHs),], 26.44 [CH(CHs),], 64.30 (OCH,CH,), 98.82 (C-6), 121.5, 122.3, 123.1, 125.7, 125.8, 126.0,
126.5, 126.9, 128.2, 128.8, 129.2, 130.7, 134.9, 138.2, 148.7 (Ar-C); MS: m/z (%) = 318 (19) [M"], 273 (100)
[M* - OC;Hs], 257 (13), 202 (13); Anal. calcd. for CH,,0, (318.4): C, 82.99; H, 6.96. Found: C, 82.62; H,
7.04,

ACKNOWLEDGEMENTS

This work was supported by the Deutsche Forschungsgemeinschaft (SFB 347 'Selektive Reaktionen
Metall-aktivierter Molekiile') and by the Fonds der Chemischen Industrie (graduate research fellowship to
M. B. and financial support).

REFERENCES

= ~EJi N

1. "Novel Concepts in Directed Biaryl Synthesis", part 70, for part 69 see Bringmann, G.; Wuzik, A.;
Vedder, C.; Pfeiffer, M.; Stalke, D. J. Chem. Soc., Chem. Commun., submitted.

2. (a) Bringmann, G.; Walter, R.; Weirich, R. Angew. Chem. 1990, 102, 1006-1019; Angew. Chem. Int. Ed.
Engl. 1990, 29, 977-991. (b) Bringmann, G.; Harmsen, S.; Schupp, O.; Walter, R. In Stereoselective

wJ LPLLAUHES

3. Bringmann, G.; Schupp, O. S. Afr. J. Chem. 1994, 47, 83-102.

4. (a) Bringmann, G.; Hartung, T. Angew. Chem. 1992, 104, 782-783; Angew. Chem. Int. Ed. Engl. 1992,
31,761-762. (b) Bringmann, G.; Hartung, T. Tetrahedron 1993, 49, 7891-7902.

5. Seebach, D.; Jaeschke, G.; Gottwald, K.; Matsuda, K.; Formisano, R.; Chaplin, D. A.; Breuning, M.,
Bringmann, G. Tetrahedron 1997, 53, 7539-7556.

6. (a) Bringmann, G.; Reuscher, H. Angew. Chem. 1989, 101, 1725-1726; Angew. Chem. Int. Ed. Engl.

1989, 28, 1672-1673. (b) Bringmann, G.; Walter, R.; Ewers, C. L. J. Synlett 1991, 581-583. (c)



10690

G. Bringmann et al. / Tetrahedron 54 (1998) 1067710690

Bringmann, G.; Holenz, J.; Weirich, R.; Riibenacker, M.; Funke, C.; Boyd, M. R.; Gulakowski, R. J;
Frangois, G. Tetrahedron 1998, 54, 497-512.

7. Bringmann, G.; Pabst, T.; Busemann, S.; Peters, K.; Peters, E.-M. Tetrahedron 1998, 54, 1425-1438.

o0

15.
16.

17.

o 0

20.

21.

22.

23.

24.

(a) Bringmann, G.; Breuning, M. Tetrahedron: Asymmetry 1998, 9, 667-679. (b) Bringmann, G.;
Breuning, M.; Busemann, S.; Hinrichs, J.; Pabst, T.; Stowasser, R.; Tasler, S.; Wuzik, A.; Schenk, W. A_;
Kiimmel, J.; Seebach, D.; Jaeschke, G. In Selective Reactions of Metal-Activated Molecules, Werner, H.;
Schreier, P., Eds.; Vieweg: Braunschweig, 1998; pp. 141-146.

Bringmann, G.; Hartung, T.; Gébel, L.; Schupp, O.; Ewers, C. L. J.; Schoner, B.; Zagst, R.; Peters, K.; von
Schnering, H. G.; Burschka, C. Liebigs Ann. Chem. 1992, 225-232,

. (a) Peters, K_; Peters, E.-M.; von Schnering, H. G.; Bringmann, G.; Hartung, T.; Schupp, O. Z. Kristallogr.

1992, 202, 271-274. (b) Peters, K; Peters, E-M_; von Schnering, H. G.; Bringmann, G.; Hartung, T. Z.
Krictallaor 100 202 278778
FANENYIZIN20 S 94 AT T hty Tl L] I 1 O
) o PLSNGRY S ko FpRpN. TX . Thoeeme TT o Y20 e L1 1n = 1 N1 ‘l‘\ f\1 o
. Dringiann, L., busse, n., uaucr U. Uusbrcgcn D otani, M. Tetrahedron 19 7D, 21, 314Y-3108.

. Bringmann, G.; Vitt, D. J. Org. Chem. 1995, 60, 7674-7681.
13. Bringmann, G.; Hartung, T. Liebigs Ann. Chem. 1994, 313-316.
. Bringmann, G.; Schoner, B.; Peters, K.; Peters, E.-M.; von Schnering, H. G. Liebigs Ann. Chem. 1994,

439-444.

Bringmann, G.; Vitt, D.; Kraus, J.; Breuning, M. Tetrahedron (following article).

Bringmann, G.; Hartung, T.; Gébel, L.; Schupp, O.; Peters, K.; von Schnering, H. G. Liebigs Ann. Chem.
1992, 769-775.

A similar formation of a bisacetal under mild conditions was reported for the related system isochro-

cetals see: Meskens, F. A. J. Synthesis 1981, 5(01-522.
For the equilibrium between open-chain hydroxy ketones and cyclic s
Whiting, J. E.; Edward, J. T. Can. J. Chem. 1971, 3799-3806.
Deslongchamps, P. Stereoelectronic Effects in Organic Chemistry, Pergamon Press: New York, 1983; pp.
5-49.

Lemieux, R. U.; Pavia, A. A.; Martin, J. C.; Watanabe, K. A. Can. J. Chem. 1969, 47, 4427-4439.

Relative heats of formation obtained by semiempirical AM1 calculations: AAH; (ax-7a - eqg-Ta) = -2.19
kcal/mol, AAH; (ax-7b - eg-7b) = -0.88 kcal/mol, /\/\Hf (ax-Tc - eg-Tc) = -0.84 kcal/mol, and AAH, (ax-7d

2L Alf 22201 ..‘,- LLIFA YA Y f LA=d

emiacetals in various solvents, see;

=

ay rystallographlc data were deposited at the Cambridge Crystallographic Data Centre. Crystal data

L n PW Y- ~A e

for 8a: C,,H,00,, monoclinic, space group P2,/n; unit cell parameters: a = 1053.4(2), b = 2916.6(4), ¢ =
11 O(l) pm; = 111.88(1)°; V = 3327(1) -10° pm Crystal data for 3b: CyH30,, monoclinic, space
group P2,/a; unit cell parameters: a = 2697(1), b = 1118.6(3), ¢ = 1065.9(3) pm; 8 = 92.65(3)°; V =
3212-10° pm3. Crystal data for C,-6b: C4H3405, monoclinic, space group C2/c; unit cell parameters: a =
2470.7(4), b = 836.8(2), ¢ = 1598.9(3) pm; = 113.37(1)°; V = 3035(1)-10° pm”.

Bringmann, G.; Breuning, M. Synlert, in preparation.



