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Substituted benzoannulated spiroacetals were prepared from (2-haloaryl)alkyl alcohols and dihydropyranyl or dihydrofuranyl pinacol boronates
using a Suzuki—Miyaura coupling followed by an acid-catalyzed spirocyclization. Application of the reaction to a glycal boronate provides an

approach to annulated spiroacetals in enantiopure form.

The spiroacetal ring system, in particular 1,6-dioxaspiro-
[4.4]nonanes, 1,6-dioxaspiro[4.5]decanes, and 1,7-dioxaspiro-
[5.5]undecanes, is present in a variety of natural products
of different origins.' Several benzoannulated spiroacetals,
such as rubromycins, heliquinomycin, papulacandin,
paecilospirone, and berkelic acid, have demonstrated potent
biological activity” and therefore remain attractive synthetic
targets.
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Spiroacetals have been prepared by acid-catalyzed cycliza-
tion of w,w’-dihydroxyketones,” 1,3-dipolar cycloaddition,*
oxidative enolate coupling,” addition of 2-lithiofurans to
phenylacetaldehydes followed by cyclization,® or an aro-
matic Pummerer-type reaction.” Metal-catalyzed (Ir, Rh,
and Au) double hydroalkoxylation of disubstituted alkynes
provides benzoannulated spiroacetals; however these
reactions are rarely regioselective.® Several syntheses of
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benzoannulated spiroacetals have relied on a Pd-catalyzed
cross-coupling between aryl halides and stannylated dihy-
dropyrans or dihydropyranyl silanols leading to 6-aryl-3,4-
dihydro-2 H-pyrans. These pyrans underwent spirocycliza-
tion with a side chain at the C-2 position of the aryl group
when reacted with an electrophilic epoxidation reagent,
such as DMDO or m-CPBA.” Recently, the treatment
of 6-(w-hydroxyalkyl)-3,4-dihydro-2 H-pyrans and related
dihydrofurans and tetrahydrooxepins with binaphthol-
phosphoric acids'® or binaphthol-derived iminodiphos-
phoric acids'® has been reported to lead to optically active
spiroacetals.

Due to the known toxicity and persistence of organo-
stannanes, and as the preparation of silanols has to
be realized in several steps, we have planned to access
benzoannulated spiroacetals A in an efficient convergent
manner from the corresponding (2-haloaryl)alkyl alco-
hols B and pinacol boronates C, employing a one-pot
Suzuki—Miyaura coupling/acid-catalyzed spiroacetaliza-
tion approach (Scheme 1).

Scheme 1. Retrosynthetic Approach
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In a test reaction, the starting boronate 2b'' was reacted
with 2-bromobenzyl alcohol 1a followed by an acidic
treatment of the obtained intermediate 3a. At first, differ-
ent palladium catalysts and bases were tested in order to
optimize the conditions of the Suzuki—Miyaura coupling.
The reaction was carried out in 1,4-dioxane/H,O (3:1) at
100 °C under microwave irradiation. Among the palla-
dium catalysts and bases tested, Pd(dppf)Cl, (5 mol %) in
the presence of Na,CO3 or NaOH (2 equiv) led to the
highest yield of the coupling product 3a (82%). The desired
spiroacetal 4a was also obtained in 6% yield, likely due to
Lewis acid properties of the Pd catalyst (Table 1, entry 3).
To achieve the complete transformation of 3a into 4a,
p-TsOH (3 equiv) was added to the reaction mixture,
leading directly to spiroacetal 4a in 86% yield (Table 1,
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entry 4). The palladium catalyst loading could be success-
fully decreased to 2 mol %; however using smaller amounts
of catalyst (0.5 mol %) resulted in a significantly lower yield
of 4a (Table 1, entry 5).

Table 1. Optimization of the Reaction Conditions
Pd cat.

Q base (2 equiv)
S

1,4-dioxane/H;0 (3:1)
U MW, 100°C, 1h
2b

Pd cat. yield yield
entry (mol %) base 3a 4a

1 Pd(PPhy), (5)

2 Pd(MeCN),Cl; (5) PCys (10)
3 Pd(dppf)Cl; (5)

4* Pd(dppf)Cl;, (2)

5% Pd(dppf)Cl; (0.5)

NaQCO3 67% —

N 32003 64% 3%
Na,CO; 82% 6%
NaOH - 86%°
NaOH - 58%°

“Reaction time 10 min. ®Yield of 4a after cyclization with TsOH
(3 equiv) for 10 min at rt.

Spiroacetals of type A were prepared from various
(2-haloaryl)alkyl alcohols B, such as iodide 1b, chloride
1c, and tosylate 1d, by using the conditions reported in
Table 2.

Table 2. Scope of the Leaving Group

g :
@COH B. O conditions
+ 8] R e}
X \@

1a-d 2b 4a
entry X, 1 cond yield 4a
1 Br, 1a A 86%
2 I,1b A 92%
3 ClL 1c A 0%
4 Cl, 1c B 84%
5 OTs, 1d AorB 0%
6 OTs, 1d C 21%

“ Conditions A: Pd(dppf)Cl, (2 mol %), NaOH (2 equiv), 1,4-dioxane/
H,0 (3:1), MW, 100 °C, 10 min, then TsOH - H,O (2.2 equiv), rt, 10 min.
Conditions B: Pd(MeCN),Cl, (3 mol %), XPhos (6 mol %), NaOH
(2 equiv), 1,4-dioxane/H,0 (3:1), MW, 100 °C, 10 min, then TsOH-H,0O
(2.2 equiv), rt, 10 min. Conditions C: Pd(OAc), (2 mol %), BrettPhos
(4 mol %), K3POy4 (3 equiv), -BuOH, MW, 110 °C, 2 h, then TsOH - H,O
(5.5 equiv), rt (monitored by TLC).

2-Iodobenzyl alcohol 1b was converted to 4a in 92%
yield under conditions A (Table 2, entry 2), while 2-chloro-
benzyl alcohol 1¢ was not reactive and required a more
active catalytic system, Pd(MeCN),Cl, (3 mol %)/XPhos
(6 mol %), to produce 4a in 84% yield after acid-catalyzed
cyclization (conditions B, Table 2, entry 4). The cross-
coupling with 2-(hydroxymethyl)phenyl tosylate 1d was
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Table 3. Substitution of the Aromatic Ring: Scope and Limitations

: product : product
entry ArX, 1e-n cond (yield) entry ArX, le-n cond (yield)
O2N O:N HO HO
OH
Br o Br o]
1e 4e (74%) 1j 4j (34%)
F F
MeO MeO
H
, C(\O A o |7 \CK\OH A o
Br 0] Br Q
1f 4F (72%) 1k 4k (60%)
Cl Cl MeO MeO
Br (o} MeO Br MeO 0O
19 4g (90%) 11 4 (38%)
TsO TsO OH
4 @?OH A o 9 ©\ﬁ c °
Br o Cl 0
OMe MeO
1h 4h (78%) 1m 4m (67%)
Cl Cl
MsHN MsHN
Br 0 Cl 0
1i 4i (84%) in 4n (45%)

“Conditions A: Pd(dppf)Cl, (2 mol %), NaOH (2 equiv), 1,4-dioxane/H,O (3:1), MW, 100 °C, 10 min, then TsOH-H,O0 (2.2 equiv), rt, 10 min.
Conditions B: Pd(PPh;),Cl, (5 mol %), Na,COj; (2 equiv), 2,2,2-trifluoroethanol, MW, 100 °C, 1 h. Conditions C: Pd(MeCN),Cl, (3 mol %), XPhos
(6 mol %), NaOH (2 equiv), 1,4-dioxane/H,0 (3:1), MW, 100 °C, 10 min, then TsOH-H,0 (2.2 equiv), rt, 10 min.

Table 4. Side Chain and Cycle Size Variation”

product product
entry ArBr, 1 boronate (yield) entry ArBr, 1 boronate (yield)
(dr) (dr)
a
1 E:(\/ 2 0] Br ©
Br o (o)
10 40 (96%) 10 ar (35%)
Ph Ph
OH 5 on 2b o
2 2b Br (0]
Br e}
o O 1s 4s (73%)
1p 4p (43%) Me (dr = 60:40)
OH 6 @OH 2b O
3 2a 0 Br o]
Br O
1t 4t (68%)
1a 4q (48%) (dr = 60:40)

“Conditions: Pd(dppf)Cl, (2 mol %), NaOH (2 equiv), 1,4-dioxane/H,0 (3:1), MW, 100 °C, 10 min, then TsOH-H,0 (2.2 equiv), rt, 10 min.
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difficult to achieve and required an even more active
catalyst (Pd(0)/BrettPhos)'* (conditions C, Table 2,
entry 6). Importantly, under conditions A, chloride and
tosylate substituents present on the aromatic ring are
tolerated and not involved in cross-coupling reactions.
The results are summarized in Table 3.

Substituted 2-halobenzyl alcohols le—1n were trans-
formed into the corresponding spiroacetals 4e—4n in mod-
erate to excellent yields (38—90%). As can be concluded
from the results, electron-withdrawing groups were gen-
erally well tolerated (Table 3, entries 1 and 4), while very
electron-rich substrates suffered from diminished yields
due to side reactions during the cyclization step. Alterna-
tive reaction conditions (conditions B) had to be employed
to attain practical yields (Table 3, entry 8).

Benzoannulated [5,5]-,[5,6]-,[5,7]- and [6,6]-spiroacetals
were successfully prepared under conditions A depending
on the length of the hydroxyalkyl side chain of the aryl
halide as well as on the ring size of the boronates 2a,b
(Table 4, entries 1—4). A diastereomeric ratio of 60:40 was
observed when secondary benzyl alcohols 1s and 1t were
used; however, the diastercomeric spiroacetals were found
to interconvert rapidly in the presence of a catalytic
amount of acid (Table 4, entries 5 and 6).

To demonstrate the applicability of our method to the
synthesis of chiral spiroacetals, boronate ester 6, prepared
from trimethyl-p-glucal 5,'* was reacted with either 1a
or 1c in the presence of a Pd catalyst and Na,COs as a
base in anhydrous 1,4-dioxane or MeCN (use of NaOH
in a l,4-dioxane/water mixture resulted in complete
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Org. Lett, Vol. 14, No. 19, 2012

protodeboronation of 6 to the starting glycal 5). The
product of this reaction was spiroacetal 7 as the anomeri-
cally stabilized diastereoisomer, isolated in 55—63% yield
(Scheme 2).

Scheme 2. Preparation of 2-Deoxy-D-glucose-Derived
Spiroacetal 7¢

1) Bopiny (1.25 equiv)
[Ir(cod){OMe)], (1.5 mol %)
0o dtbpy (3 mol %)

MeO | heptane, 80 °C, 18 h MeO
MeO™ 2)1aor1c MeO™
5 OMe conditions - OMe
(1.25 equiv) MW, 1207C, 10 55% (from 1a)
3) TsOH (2.2 equiv)
rt, 10 min 63% (from 1c)

(single diastereoisomer)

¢ Conditions: Pd(dppf)Cl, (2 mol %), Na,COj; (2 equiv), MeCN, 1a
or Pd(MeCN),Cl, (3 mol %), XPhos (6 mol %), Na,CO5 (2 equiv),
1,4-dioxane, lc.

In summary, we have developed a rapid convergent
microwave-assisted synthesis of benzoannulated spiroace-
tals using a one-pot Suzuki—Miyaura coupling reaction/
spiroacetalization. This versatile and chemoselective pro-
cess is potentially applicable to the synthesis of complex
biologically active natural products.
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