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Among the naturally occurring C-aryl glycosldes, the
gilvocarcin antitumor antibiotics 12 are unique in that the
carbohydrate substituent is posmoned para to a phenolic
hydroxyl group. Implicit in previous approaches to the
establishment of this connection is the feasibility of lib-
erating the phenolic hydroxyl group from a p-alkoxy C-aryl
glycoside.>? For simple alkyl phenyl ethers, this deal-
kylation has not been demonstrated, and successful pre-
partions of p-hydroxy C-aryl glycosides have required the
use of protecting groups which are more easily removed.3®
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We have been exploring a “reverse polarity” approach
in which the reductive aromatization of a quinol glycal
would serve as a key step (Scheme I). In this approach,
the free phenolic hydroxyl group would be generated di-
rectly by the method of synthesis.

In this paper, we are pleased to report the reductive
aromatization of benzo- and naphthoquinol glycals. When
coupled with the preparation of quinol glycals from qui-
nones and lithio glycal reagents, this transformation pro-
vides a regiospecific synthesis of p-hydroxyary! glycals in
two simple steps.

Initial efforts to effect this type of transformation had
been abandoned following the observation of hydrolytic
ring opening in a model system (2a — 3 or 4).4
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However, more recent experiments have revealed that
the desired conversions (Scheme I) may be easily achieved.
We have now shown that, under controlled conditions,
dithionite solution reduces p-benzoquinol glycals to p-
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hydroxy C-pheny! glycals. Both benzo- and naphthoquinol
glycals may be converted to the corresponding p-hydroxy
C-aryl glycals by aluminum amalgam.

Exposure of quinol 2a to sodium dithionite in aqueous
THF for 2-8 h resulted in clean conversion to p-
hydroxyphenyl glycal 5a. Furthermore, bromoquinol 2b
was converted to phenol 5b under these conditions.
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Of more relevance for our planned application, quinols
8a and 8b (derived from protected glycal 6 and the cor-
responding benzoquinones 7a and 7b) afforded phenyl
glycals 9a and 9b, respectively, when treated with the
dithionite solution.
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A limitation on the reaction time was found to be es-
sential for the successful isolation of glycal. For example,
extended treatment (28 h) of quinol 8b with the dithionite
solution resulted in the isolation of ketone 10 in 90% yield.
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Attempts to apply the dithionite reduction conditions
to naphthoquinol glycals were unsuccessful. Exposure of
naphthoquinol 11 to dithionite solution for several hours
at room temperature did not lead to the formation of a new
product. Furthermore, treatment with dithionite solution
for longer times (21 h) resulted in hydrolytic decomposition
and the isolation of the a,8-unsaturated lactone 12 (in 67%
yield) and 1,4-naphthohydroquinone.

The relative ease of reduction of benzoquinols over that
of naphthoquinols is consistent with expectations based
on the reduction potentials of the corresponding quinones.®
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Extension of the analogy implies that quinols which are
substituted with electron-donating groups will be more
difficult to reduce than those which are unsubstituted or
which are substituted with electron-withdrawing groups.

In this context, it is interesting to note that quinol 13,
which was inert to hydride reducing agents (including
lithium aluminum hydride with or without aluminum
chloride, sodium borohydride, diisobutylaluminum hy-
dride, and triethylsilane/trifluoroacetic acid) and resistant
to zinc in acetic acid, was successfully converted to the
desired naphthol by a two-step procedure in which the
cross-conjugated system of quinol 13 was replaced by the
linearly conjugated system of the protected enol imine 14.
Thus, treatment of quinol 13 with 2.5 equiv of di-tert-
butylcarbonate and a catalytic amount of DMAP gave
imine 14. Then sodium dithionite in water/ethyl acetate
effected reductive aromatization, affording naphthalene
15 in 70-756% overall yield.
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A more direct route proved feasible for the reductive
aromatization of naphthoquinol 11. The successful pro-
cedure involved treatment with aluminum/mercury
amalgam? in aqueous THF at 50 °C for approximately 2
h to afford naphthol glycal 16 in high yield.
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Notes

The aluminum amalgam procedure wasalso applicable
to the reduction of benzoquinol glycals 8. Yields of C-aryl
glycals 9 were comparable for the dithionite and aluminum
amalgam procedures.

Although the direct preparation of p-hydroxyaryl glycals
may be considered the goal of this work, easy access to
these compounds suggests that a variety of protected
phenols might be available for further manipulation. We
are especially interested in the possibility that the chro-
mium carbene benzannulation protocol, demonstrated in
the synthesis of 1-O-methyldefucogilvocarcin V,!° might
convert glycosylated substrates to gilvocarcins in a rea-
sonably direct fashion. In the context of this strategy, it
is gratifying to note that phenols 9a and 9b were readily
protected, under standard conditions, as the corresponding
MOM phenyl ethers 17a and 17b.
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17a X =H; R = TBDMS
b X=Br;R=TBDMS

The methodology described above provides excellent
yields of regiospecifically substituted C-aryl glycals by an
extremely short and easy-to-perform sequence. We are
confident that it will be broadly applied in the C-aryl
glycoside field.

Experimental Section!!

Quinol 2a. To a solution of 401 mg (4.78 mmol) of dihydro-
pyran in 2.0 mL of THF and 10.0 mL of hexane at ~78 °C was
added 3.40 mL (5.98 mmol) of t-BuLi (1.7 M in pentane). After
being stirred for 5 min the solution was warmed to 0 °C and stirred
an additional 30 min. The resulting solution of 2-lithiodi-
hydropyran was recooled to -78 °C and added by cannula to a
=100 °C solution of 659 mg (5.98 mmol) of p-benzoquinone (7a)
in 6 mL of THF and 4 mL of hexane. The green reaction mixture
was stirred for 5 h and then poured into 35 mL of saturated
NaHCOj, and extracted with CH,Cl, (5 X 30 mL). The organic
extracts were passed through a plug of Florisil (X2) and dried
(MgS0,). Column chromatography (1:2 EtOAc/hexanes) left 551
mg (60%) of quinol 2a as a white solid: mp 86-88 °C dec; 'H
NMR (CDC},) 4 1.83 (m, 2 H), 2.05 (m, 2 H), 3.07 (s, 1 H), 4.04
(m, 2 H), 4.98 (t, J = 3.8 Hz, 1 H), 6.21 (d, J = 10.1 Hz, 2 H),
6.88 (d, J = 10.1 Hz, 2 H); 3C NMR (CDCl,) 6 185.0, 142.3, 139.6,
124.5,124.1, 95.3, 68.6, 50.9, 27.7; IR (CCL,) 3358, 1668 cml; HRMS
caled 192.2165, found 192.2183.

Phenol 5a. To a solution of 192 mg (1.0 mmol) of quinol 2a
in 3 mL of THF and 1 mL of H,O was added 348 mg (2.0 mmol)
of Na,S,0,. After being stirred at 24 °C for 3 h, the mixture was
diluted with ether (10 mL) and the organic solution was dried
(Na;S0,). Column chromatography (1:2 EtOAc/hexanes) gave
146 mg (83%) of phenol 5a as a colorless oil: 'H NMR (CDCl,)
§7.43 (d, J = 8.8 Hz, 2 H), 6.76 (d, J = 8.8 Hz, 2 H), 6.05 (bs,

(10) Parker, K. A.; Coburn, C. A. J. Org. Chem. 1991, 56, 1666.

(11) Solvents were dried and purified by standard methods before use.
Ether refers to diethyl ether. Flash chromatography was performed using
E. Merck silica gel 60 (70~230 mesh). Each new compound was charac-
terized by IR and 'H NMR spectroscopy and by an elemental analysis
or by a 1*C NMR spectrum and a high-resolution mass. *H NMR spectra
were recorded at 400.1 MHz on a Bruker AM400WB spectrometer or at
250 MHz on a Bruker WM250 with chemical shifts reported in parts per
million relative to tetramethylsilane. '3C NMR spectra were recorded at
100.6 MHz on the Bruker AM 400WB spectrometer with chemical shifts
reported in parts per million relative to deuteriochloroform as an internal
standard. IR spectra were recorded as indicated on a Perkin-Elmer 1600
FT-IR spectrometer. High-resolution mass spectra were recorded with
a Kratos MS-80 high-resolution spectrometer under EI or CI conditions.
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1 H), 5.23 (t,J = 3.9 Hz, 1 H), 4.18 (t, J = 5.1 Hz, 2 H), 2.19 (m,
2 H), 1.89 (m, 2 H); IR (neat) 3428, 1649 cm™!; HRMS calcd
176.2216, found 176.2231.

Bromoquinol 2b. To a solution of 1.95 g (23.2 mmol) of
dihydropyran in 7 mL of THF at 78 °C was added 10.9 mL (18.6
mmol) of ¢-BuLi (1.7 M in pentane). After 5 min the solution
was warmed to 0 °C and stirred for 30 min. The yellow solution
of 2-lithiodihydropyran was recooled to -78 °C and transferred
by cannula to a =78 °C solution of 3.46 g (18.5 mmol) of bro-
mobenzoquinone (7b) in 30 mL of THF. After being stirred for
5 h, the reaction was quenched with 10 mL of H,0 and diluted
with 150 mL of ether. The organic phase was washed with H,0
(3 X 20mL), 5% NaOH (2 x 15 mL), H,O (30 mL), and then brine
(30 mL). Drying (Na,SO,) and column chromatography (2:3
EtOAc/hexanes) left 2.9 g (60%) of quinol 2b as a yellow oil: 'H
NMR (CDCl;) 6 7.32 (d, J = 2.8 Hz, 1 H), 6.88 (dd, J = 2.8, 10.0
Hz, 1 H), 6.30 (d, J = 10.0 Hz, 1 H), 5.00 (t, J = 3.9 Hz, 1 H),
4.08 (t, J = 5.2 Hz, 2 H), 3.51 (s, 1 H), 2.03 (m, 2 H), 1.84 (m, 2
H); 3C NMR (CDCl;) 5 178.3, 148.9, 148.6, 127.1, 126.7, 123.9,
98.5, 71.7, 67.2, 67.1, 21.8, 19.8; IR (neat) 3430, 1670 cm™'; HRMS
caled for 81Br 272.1239, found 272.1245.

Bromophenol 5b. To a solution of 2.00 g (7.40 mmol) of
bromoguinol 2b in 48 mL of THF and 16 mL of H,0 was added
2.94 g (14.4 mmol) of-Na,S,0,. After being stirred for 2 h, the
reaction mixture was washed with ether (2 X 50 mL), dried
(Na;S0,), and chromatographed (2:3 EtOAc/hexanes) to afford
1.47 g (78%) of phenol 5b as a yellow oil: *H NMR (CDCl,) &
7.66 (d, J = 2.1 Hz, 1 H), 7.35 (dd, J = 2.1, 8.5 Hz, 1 H), 6.90 (d,
J = 8.5 Hz, 1 H), 5.66 (s, 1 H), 5.21 (t, J = 3.8 Hz, 1 H), 4.15 (t,
J = 5.0 Hz, 2 H), 2.21 (m, 2 H), 1.89 (m, 2 H); 1*C NMR (CDCl,)
6 1566.6, 132.9, 129.6, 128.1, 125.2, 115.5, 114.1, 96.6, 62.3, 22.3, 20.7;
IR (neat) 3377, 1651 cm™; HRMS calcd for 8!Br 256.1290, found
256.1280. .

Quinol Glycal 8a. To a solution of 970 mg (2.71 mmol) of
glycal 6 in 3 mL of THF at -78 °C was added 3.12 mL (5.42 mmol)
of t-BuLi (1.7 M in pentane), and the solution was warmed to
0 °C and stirred at this temperature for 105 min. The mixture
was then recooled to ~100 °C and added via cannula to a =78 °C
solution of 642 mg (5.92 mmol) of sublimed 7a in 25 mL of THF.
After 8 h, the solution was quenched with 100 mL of water and
was extracted with ether (4 X 100 mL). The organic phases were
washed with 0.5% NaOH (3 X 20 mL), H,O (2 X 25 mL), and
then brine (50 mL). Drying (MgS0,) and chromatography (3:7
EtOAc/hexanes) gave 1.11 g (91%) of quinol 8a as a colorless oil:
!H NMR (CDCl,) ¢ 6.82 (m, 2 H), 6.15 (m 2 H), 4.92 (dd, J = 0.8,
4.0 Hz, 1 H), 4.05 (m, 1 H), 3.99 (m, 1 H), 3.55 (m, 1 H), 3.13 (s,
1 H), 1.26 (d, J = 6.8 Hz, 3 H), 0.85 (“s”, 18 H), 0.08 (“s”, 12 H);
13C NMR (CDCl,) 6 185.4, 150.1, 148.1, 147.8, 128.6, 128.2, 98.6,
76.4,73.6, 69.1, 68.5, 26.8, 25.7, 18.0, 17.9, 16.3, ~4.0, —4.22, -4.25,
-4.5; IR (neat) 3430, 1667 cm™'; HRMS calcd 466.2570, found
466.2582.

Phenol Glycal 9a. To a solution of 46.5 mg (0.10 mmol) of
quinol 8a in 2.5 mL of THF and 1.0 mL of H,O was added 52
mg (0.30 mmol) of Na,S;0,. The mixture was stirred at room
temperature for 3 h, and then the solvent was evaporated. Column
chromatography (1:2 EtOAc/hexanes) left 37.7 mg (84%) of
phenol 9a as a colorless oil: 'H NMR (CDCl;) 6 7.42 (d, J = 8.7
Hz,2 H),6.76 (d, J = 8.7 Hz, 2 H), 5.08 (d, J = 3.3 Hz, 1 H), 4.88
(bs, 1 H), 4.27 (m, 1 H), 4.05 (m, 1 H), 3.59 (m, 1 H), 1.40 (d, J
= 6.6 Hz, 3 H), 0.92 (s, 9 H), 0.89 (s, 9 H), 0.11 (s, 3 H), 0.10 (s,
3 H), 0.09 (s, 3 H), 0.06 (s, 3 H); 13C NMR (CDCl,) § 156.1, 150.9,
127.9,126.7, 115.0, 97.8, 75.6, 75.2, 71.1, 25.9, 25.8, 25.7, 25.6, 17.3,
-3.5, -3.6, -3.9, —4.2; IR (neat) 3429, 1650 cm™; HRMS calcd
450.2621, found 450.2640.

Bromoquinol Glycal 8b. To a solution of 622 mg (1.74 mmol)
of the silylated rhamnal 6 in 1 mL of THF at —78 °C was added
2,00 mL (3.74 mmol) of ¢-BuLi (1.7 M in pentane), and the solution
was warmed to 0 °C and stirred at this temperature for 2 h, The
mixture was then recooled to ~100 °C and added via cannula to
a =78 °C solution of 711 mg (3.82 mmol) of 7b in 25 mL of THF.
After 4 h, the solution was quenched with 100 mL of water and
was extracted with ether (4 X 100 mL). The organic phases were
washed with 1% NaOH (3 X 20 mL), H;0 (2 X 25 mL), and then
brine (50 mL). Drying (MgSO,) and chromatography (3:7 Et-
OAc/hexanes) left 741 mg (78%) of phenol 8b as a colorless oil:
H NMR (CDCl,) & 7.46 (dd, J = 2.7, 15.7 Hz, 1 H), 7.04 (m, 1
H), 6.49 (m, 1 H), 5.17 (dd, J = 4.0, 10.7 Hz, 1 H), 4.29 (m, 1 H),
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4.21 (m, 1 H), 3.78 (bs, 1 H), 3.43 (m, 1 H), 1.43 (d, J = 6.8 Hz,
3 H), 1.04 (“s”, 18 H), 0.25 (“s”, 12 H); 13C NMR (CDCl,) 5 1856.7,
148.3, 132.8, 127.4, 124.6, 98.1, 76.3, 73.2, 71.1, 68.4, 25.8, 25.6,
18.0, 17.8, 16.2, -4.0, -4.2, -4.3, -4.5; IR (neat) 3433, 1668 cm™;
HRMS caled for 8'Br (M - H*) 545,1566, found 545.1608.

Bromophenol Glyeal 9b. To a solution of 54.4 mg (0.100
mmol) of quinol 8b in 2.5 mL of THF and 1.5 mL of H,0 was
added 52 mg (0.30 mmol) of Na,S;0,. The mixture was stirred
at room temperature for 5 h, and then the solvent was evaporated.
Column chromatography (1:2 EtOAc/hexanes) left 45.9 mg (87%)
of phenol 9b as a colorless oil: *H NMR (CDCl,) 7.69 (d, J =
1.9 Hz, 1 H), 7.40 (dd, J.= 1.7, 8.5 Hz, 1 H), 6.93 (d, J = 8.5 Hz,
1 H), 6.71 (bs, 1 H), 5.08 (d, J = 3.4 Hz, 1 H), 4.23 (m, 1 H), 4.07
(m, 1 H), 3.53 (m, 1 H), 1.45 (d, J = 6.6 Hz, 3 H), 0.92 (s, 9 H),
0.88.(s, 9 H), 0.12 (s, 3 H), 0.10 (s, 3 H), 0.09 (s, 3 H), 0.06 (s, 3
H); 3C NMR (CDCl;) 8 152.1, 133.0, 128.8, 125.9, 115.5, 110.2,
98.4, 75.6, 74.7, 70.4, 26.0, 25.8, 19.9, 19.8, 17.0, -3.7, -3.8, -4.0,
-4.3; IR (neat) 3463, 1651 cm™!; HRMS calcd for 8Br (M - H*)
529.1617, found 529.1670.

Ketone 10. To a solution of 54.4 mg (0.100 mmol) of quinol
8b in 2.5 mL THF and 1.0 mL of H;0 was added 174 mg (1.00
mmo]) of Na;S,0,. After being stirred for 28-h at 24 °C, the
mixture was diluted with ether and the layers were separated.
The organic phase was dried (Na,SO,), and after evaporation and
chromatography (1:2 EtOAc/hexanes) 42.1 mg (90%) of ketone
10 was recovered as a colorless oil: 'H NMR (CDCl,) 6 7.99 (d,
J =89 Hz,1H),6.94 (d, J = 89 Hz, 1 H), 4.60 (m, 1 H), 4.25
{(bs, 1 H), 3.95 (m, 1 H), 3.46 (dd, J = 4.1, 8.5 Hz, 1 H), 3.36 (m,
1 H), 3.06 (dd, J = 1.8, 16.0 Hz, 1 H), 1.23 (d, J = 6.1 Hz, 3 H),
0.82 (s, 9 H), 0.75 (s, 9 H), 0.16 (s, 3 H), 0.11 (s, 3 H), 0.08 (s, 3
H), -0.09 (s, 3 H); IR (neat) 3433, 1680 cm™!; HRMS calcd for
468.2727, found 468.2779.

Naphthoquinol Glycal 11. To a solution of 740 mg (2.07
mmol) of 6 in 4.20 mL of dry THF at —78 °C was added 2.38 mL

(4.05 mmol, 2.00 equiv) of ¢-BuLi (1.7 M in pentane). The solution

was warmed to 0 °C, stirred at this temperature for 2 h, and then
recooled to ~78 °C and added to a —78 °C solution of 616 mg (3.90
mmol) of 1,4-naphthoguinone in 10 mL of THF. After being
warmed to room temperature over 23 h, the solution was diluted
with 30 mL of ether and quenched with 10 mL of H;0. The
aqueous phase was extracted with ether (5 X 10 mL), dried
(Na,S0,), and chromatographed to leave 800 mg (75%) of glycal
11 as a yellow oil: 'H NMR (CDCl,) 4 8.05 (dd, J = 0.7, 7.2 Hz,
1 H), 7.61 (m, 1 H), 7.55 (m, 1 H), 7.36 (m, 1 H), 6.91 (dd, J =
6.5,10.2 Hz, 1 H), 6.36 (dd, J = 5.2, 10.2 Hz, 1 H), 491 (4, J =
3.7 Hz, 1 H), 3.99 (m, 2 H), 3.50 (m, 1 H), 3.05 (s, 1 H), 1.23 (d,
J = 6.9 Hz, 3 H), 0.85 (s, 9 H), 0.74 (s, 9 H), —0.03-0.09 (4 singlets);
13C NMR (CDCl,) & 184.6, 152.5, 149.3, 143.5, 132.8, 130.6, 128.3,
128.2,126.1, 98.3, 76.1, 734 70.4, 68.2, 26.6, 25.5, 17.9,117.8, 16.0,
-4.1, —4.2, -4.3, -4.5; IR (neat) 3432, 1669, 1559, 1471, 1298, 1252,
1108 cm™!; HRMS caled for (M - H*) 499.2700, found 499.2789.

Unsaturated Lactone 12, To a solution of 5.0 mg (0.126
mmol) of naphthoquinol 11 in 1.0 mL of dioxane and 1.0 mL of
H,0 was added 516 mg (2.52 mmol, 20.0 equiv) of Na,S,0,. After
being stirred for 21 h at 24 °C under N,, the mixture was diluted
with ether and the layers were separated. The organic phase was
dried (Na,SO,) and after evaporation and chromatography (1:2
EtOAc/hexanes) gave 20.5 mg (67%) of lactone 12 as a colorless
oil: H NMR (CDCl,) é 6.72 (dd, J = 1.7,9.9 Hz, 1 H), 5.92 (dd,
J =19,99 Hz, 1 H), 4.28 (m, 2 H), 1.46 (d, J = 5.9 Hz, 3 H),
0.93 (s, 9 H), 0.15 (s, 3 H), 0.14 (5, 3 H); 3C NMR (CDCl,) 5 150.0,
119.7, 78.9, 88.7, 25.6, 25.5, 18.0, —4.5, —4.9; IR (neat) 1738 cm™;
HRMS caled 242.1338, found 242.1342.

Naphthalene 15. To a solution of 10.0 g (32.7 mmol) of
naphthoquinol 13 in 300 mL of acetonitrile was added 18 g (83
mmol) of di-tert-butyl dicarbonate and 500 mg of DMAP (4
mmol). The solution was stirred at room temperature under N,
for 18 h and then diluted with 300 mL of ethyl acetate and washed
with water (2 X 100 mL). At this point the enol imine 14 could
be isolated and purified by chromatography (‘H NMR (CDCl,)
8 7.3-7.5 (m, 4 H), 6.61 (s, 1 H), 5.90 (m, 1 H), 5.50 (m, 1 H), 5.20
d,J=170,1H),5.10 (d, J = 10.2,1 H), 493 (d, J = 10.2, 1 H),
4.84 (d,J = 16.9,1 H), 4.25 (m, 2-H), 2.80 (m, 2 H), 1.55 (s, 9 H),
1.34 (s, 9 H); *C NMR (CDCl,) & 164.7, 152.6, 150.8, 149.7, 140.9,
135.0, 130.1, 129.6, 127.2, 126.9, 124.5, 122.3, 119.2, 115.4, 104.5,
83.9, 82.0, 81.3, 53.1, 49.1, 27.34, 27.32), but in practice the solution
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was concentrated to approximately 100 mL and diluted with water
(100 mL), and then 36 g (210 mmol) of sodium dithionite was
added. The mixture was thoroughly degassed with nitrogen and
stirred for 24 h at room temperature. The organic layer was
separated, washed with water (2 X 50 mL) and brine, dried
(Na,S0,), and chromatégraphed (10% ethyl acetate in hexane)
to give 9.3 g (73%) of naphthalene 18 as a pale yellow oil which
crystallized upon standing to give a yellow solid: mp 108-109 °C
(hexane); 'H NMR (CDCl,) 5 7.81 (d, J = 9.0 Hz, 2 H), 7.3-7.5
(m, 7 H), 8.95 (s, 1 H), 6.00 (m, 1 H), 5.05 (d, J = 10.2 Hz, 1 H),
4.96 (d,J = 17.4 Hz, 1 H), 4.45 (d, J = 4.7 Hz, 2 H), 4.27 (bs, 1
H), 3.66 (d, J = 5.4 Hz, 2 H), 1.57 (s, 9 H); 1*C NMR (CDCl,) §
152.1, 146.9, 143.5, 139.2, 134.8, 133.9, 128.7, 127.4, 127.3, 126.9,
122.5,122.1, 121.5, 1209, 115.8, 112.2, 106.9, 83.4, 48.4, 30.1, 27.7;
IR (mull) 3458, 1752 1627 cm‘1 HRMS caled 389 1991, found
389.1999. Anal, Calcd for C”HWNOB: C, 77.09; H, 7.03; N, 3.58.
Found: C, 77.14; H, 7.03; N, 3.58.

Naphthol Glycal 16. To a solution of 100 mg (0.19 mmol)
of naphthoquinol 11 in 1.8 mL of THF and 0.2 mL of H,0 was
added 30 mg (1.1 mmol, 5.8 equiv) of amalgamated aluminum
foil (formed by immersing in 2% aqueous HgCl,, washing with
EtOH, then Et,0),? and the whole was heated at reflux for 2 h.
The reaction mixture was filtered through Florisil, dried (MgSO0)),
and evaporated to leave 85 mg (88%) of naphthol 16: 'H NMR
(CDCly) 5 8.15 (m, 2 H), 7.50 (m, 2 H), 7.34 (d, J = 7.7 Hz, 1 H),
6.76 (d, J = 7.7 Hz, 1 H),’5.31 (s, 1 H), 4.95 (d, J = 3.8 Hz, 1 H),
4.25 (m, 2 H), 3.75 (m, 1 H), 1.50 (d, J = 6.8 Hz, 3 H), 0.95 (s,
9 H), 0.89 (s, 9 H), 0.17-0.05 (6 singlets); 3C NMR (CDCly) § 152.1,
151.9, 132.7, 127.7, 126.7, 126.6, 125.9, 125.3, 125.1, 121.6, 107.7,
102.7, 76.9, 74.2, 69.8, 25.7, 25.6, 18.1, 18.0, 17.1, ~3.8, —4.00, —-4.06,
-4.3; IR (CCl,) 3369, 1672 cm™'; HRMS caled 484.2828, found
484.,2834.

Protected Glycal 17a. To.a solution of 272 mg (0.606 mmol)
of phenol 9a in 10 mL of CH,Cl, was added 156 mg (0.21 mL,
1.21 mmol) of Hunig's base and 80 mg (1.0 mmo]) of chloromethyl
methyl ether at 0 °C. The mixture was stirred for 24 h, diluted
with 10 mL of CH,Cl,, and washed with H,O (2 mL), NaHCO,
(2 X 3 mL), and then brine (5 mL). Drying (Na,SO,) and
chromatography (1:4 EtOAc/hexanes) gave 254 mg (85%) of glycal
17a as & colorless oil: 'H NMR (CDCl,) 6 7.48 (d, J = 8.9 Hz,
2 H),6.95 (d, J = 8.9 Hz, 2 H), 5.16 (s, 2 H), 5.09 (d, J = 3.3 Hz,
1 H), 4.25 (m, 1 H), 4.05 (t, J = 6.7 Hz, 1 H), 3.59 (m, 1 H), 3.46
(s, 3 H), 1.38 (d, J = 6.6 Hz, 3 H), 0.91 (s, 9 H), 0.89 (s, 9 H), 0.12
(s, 3 H), 0.11 (s, 3 H), 0.09 (s, 3 H), 0.06 (s, 3 H); *C NMR (CDCl,)
$ 1574, 160.8, 129.1, 126.5, 116.2, 116.8, 98.1, 94.3, 756.6, 75.1, 55.9,
29.3, 26.1, 26.9, 18.2, 18.0, 17.3, -3.5, -3.6, ~3.9, —4.2; IR (neat)
1652, 1510 cm™!; HRMS caled for M — H* 493.2805, found
493.2779.

Protected Bromo Glycal 17b. To a solution of 52.9 mg (0.10
mmol) of quinol 9b in 2 mL of CH,Cl; at 0 °C and 30.8 mg (0.287
mmol) of diisopropylethylamine was added 11.8 mg (0.142 mmol)
of MOMCL. The solution was stirred at 0 °C, diluted with 1 mL
of CH,,Cl,, and washed with H,0 (0.5 mL), NaHCOs (2 X 0.5 mL),
and then brine (1 mL). Drying (Na,SO,) and chromatography
(1:4 EtOAc/hexanes) left 39.3 mg (85%) of glycal 17b as a colorless
oil: 'TH NMR (CDCl;) 67.77 (d, J = 2.2 Hz, 1 H), 7.45 (dd, J =
2.2,8.7Hz, 1 H), 7.09 (d, J = 8.7 Hz, 1 H), 5.25 (s, 2 H), 5.11 (d,
J = 34 Hz, 1 H), 422 (m, 1 H), 4.10 (t, J = 6.7 Hz, 1 H), 3.59
(m, 1 H), 3.46 (s, 3 H), 1.40 (d, J = 6.6 Hz, 3 H), 0.91 (s, 9 H),
0.89 (s, 9 H), 0.12 (s, 3 H), 0.11 (s, 3 H), 0.09 (s, 3 H), 0.06 (s, 3
H); 13C NMR (CDCl,) 6 153.0, 137.7, 130.8, 125.8, 120.7, 115.5,
99.3, 95.0, 78.1, 71.4, 69.9, 58.5, 29.1, 26.2, 26.0, 18.1, 18.0, 15.0,
-2.7,-8.1,-3.9, ~4.0; IR (neat) 2955, 2856, 1650, 1510, 1471 cm™};
HRMS calcd for 8Br (M ~ H*) 573.1881, found 573.1801.
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