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Daphnodorin B

A novel approach was developed for the synthesis of 2-substituted-3-functionalized benzofurans, using an intramolecular Heck reaction which
was further applied in the first enantioselective total synthesis of Daphnodorin B.

Benzofuran is an important class of heterocycles pres-
ent in a wide variety of biologically important molecules,’
such as BNC105% and Amiodarone,’ and natural products
such as Daphnodorin A and B*~° which display a wide
array of biological activities, including a-glucosidase in-
hibitory activities,*® antifungal and insecticidal activities,*
12-lipoxygenase inhibitory activities,*"# human chymase-
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dependent angiotensin II inhibitory activities,* and anti-
tumor properties.* Different types of substitution pat-
terns in these heterocycles provide new opportunities for
drug discoveries and other applications in material science.
Thus synthetic access to benzofurans is of considerable
interest, and numerous approaches to this scaffold have
been disclosed in the literature.” In general, these ap-
proaches give only moderate yields or yield benzofurans
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of limited structural diversity. We envisage that if we were
able to prepare o-iodoaryl vinyl ethers via a conjugate
addition procedure from o-iodophenols and activated
alkynes, the subsequent intramolecular Heck reaction
would regiospecifically provide us the corresponding
2-substituted-3-functionalized benzofurans. Herein, we re-
port the versatile route to 2-substituted-3-functionalized
benzofurans and its application to the total synthesis of
Daphnodorin B (Figure 1).
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Figure 1. Bioactive compounds containing 2-substituted-3-
functionalized benzofuran scaffold.

Our initial studies focused on the synthesis of a model
substrate (o-iodoaryl vinyl ether 4a, Table 1), which was
available from a conjugate addition procedure employing
o-iodophenol with ynone 3a in the presence of a base at
75 °C in CH5;CN. Different bases such as DBU, +-BuOK,
Pyridine, DIPEA, K5PO,, Et;N, DABCO, Ag,CO3, and
K,COj; were tried to promote the conjugate addition, and
K;3PO,4 (100 mol %) gave the highest yield (> 99%) of 4a as
a pair of Z/E isomers mixture (& 1:1). Fortunately, the
subsequent intramolecular Heck reaction of 4a proceeded
smoothly without separation of the Z- and E-isomers.

We next screened the effect of the palladium source and
ligand on the intramolecular Heck reaction of the model
substrate by using Ag,COs as base at 115 °C in CH;CN,
and the results are summarized in Table 1. The model
reaction could be catalyzed by Pd" or Pd° complexes,
such as Pd(OAc),, PdBr,, Pd(PPhs),Cl,, Pd,(dba)s;, and
Pd(PPhj), in the absence of additional ligand. From
Table 1, the reactivity of the Pd catalytic system decreases
in the following order for the cyclization reaction:
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Pd(OAc),/PPh; ~ Pd(OAc),/P(o-tol); > PdBr,/PPh; =
Pd(PPhs),; > Pd(OAc),/dppf ~ Pd(OAc),/BINAP > Pd-
(OAC)z/PBu:), ~ Pd(PPh3)4/Et3N > sz(dba)3/BINAP
(Table 1, entries 1-9). It is evident that PPh3 and P(o-tol)3
could accelerate the reaction, while P(o-tol); was not
utilized in this work due to its air sensitivity and higher
cost compared to PPhs.

Table 1. Effect of Palladium/Ligand and Base on the Reaction”
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entry palladium/ligand yield(%)
1 Pd(OAc)s/PBus 29
2 Pd(OAc)o/dppf 52
3 Pd(OAc)o/PPh; 75
4 Pd(OAc)o/P(o-tol)3 73
5 Pd(OAc)o/BINAP 47
6 Pdy(dba)s/BINAP 11
7 PdBro/PPh; 68
8 Pd(PPhg)/EtsN® 28
9 Pd(PPhs), 63

“Optimal reaction conditions: 2a/3a 1:1 (1 equiv), Pd (5 mol %),
Ligand (10 mol %), Ag,COj5 (1 equiv), CH;CN, 115 °C, 15 h. Isolated
yields. ® Et;N was employed instead of Ag,CO;.

Next, the substrate scope of the reaction was explored
with a range of o-iodophenols with ynones. Under our
optimized conditions, substrates with electron-donating or
-withdrawing groups or electron-neutral substituents were
successfully transformed into the corresponding 2-substi-
tued-3-aroyl-benzofurans (5a—k) in good to excellent
yields (Scheme 1). A chloro substituent on the aryl part
of the o-iodophenols (5i/j) was tolerated in this transfor-
mation. In the case of 5a and 5i—k, lower yields were
obtained, which might be attributed to the large steric
effect of bulky ynones (3a/b) and 3-chloro-2-iodophenol.

With these encouraging results in hand, we decided to
further probe the reaction scope by employing other alkynes
bearing electron-withdrawing substituents, such as cyano
or carboalkoxy groups. To our delight, all the substrates
employed yielded corresponding 2-substitued-3-functio-
nalized benzofurans (8a—i) in high yields (Scheme 2).

Finally, we note that the aryl chloride moieties in 5i/j and
8b/h can be exploited in a subsequent synthetic modifica-
tion. For example, Suzuki—Miyaura cross-coupling reac-
tions can enable further diversification.”*® The nitrile
group can be utilized for further transformations.’

With a set of new synthetic methodologies in hand, we
turned our attention to the total synthesis of Daphnodorin B.
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Scheme 1. Examples of 2-Substitued-3-aroyl-benzofurans®
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“Reaction conditions: 2/3 1:1 (1 equiv), Pd(AcO), (5 mol %), PPhs
(10 mol %), Ag,CO3 (1 equiv), CH;CN, 115 °C, 15 h. Isolated yields.

Scheme 2. Extending the Scope of Reaction®
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“Optimal reaction condition: 2/6 1:1 (1 equiv), Pd(AcO), (5 mol %),
PPh; (10 mol %), Ag,COs5 (1 equiv), CH;CN, 115 °C, 15 h. Isolated
yields. ® Known compounds, the 'H, BCNMR, and IR spectra are
identical to those of an authentic sample.

to obtain selectively protected 6-hydroxy phenylacetone.
Treatment of 9 with 2 equiv of methoxymethyl chloride
(MOMCI) and N,N-diisopropylethylamine in methylene
chloride afforded 2,4-dimethoxymethyl 6-hydroxy pheny-
lacetone whose free phenol group was methylated, fol-
lowed by deprotection of the MOM group at the ortho-
position with 1 M HCI in MeOH, which afforded 10
in 72% yield. Condensation of anisaldehyde with 10
was achieved viz a Claisen—Schmidt reaction® to give the
chalcone 11 in 99% yield. Decarbonylation of 11 using
lithium aluminum hydride and AICI;’ proved overly harsh
and resulted in a complex mixture (Table 2, entry 1).

Table 2. Decarbonylation of 11

H,CO. HO. OMCM H:CO HO. OMOM H3CO HO. OMOM
DL D0
Z

O  OCH; OCH, OCH,
1" 12a

OCH, OCH,
12¢ 12
yield (%)
entry conditions 12/12a/12b/12¢
1 LiAlH,, AICl; complex mixture
2 (CH30)3SiH, Znl, 44/0/28/0
3 CICOOEt, Et3N; NaBH, 35/33/0/32
4

Two reduced isomers involving double-bond transfer
were observed when the trialkoxylsilane/Znl, system'®
was employed (Table 2, entry 2). Minami’s method'" per-
formed by employing ethyl chloroformate and sodium
borohydride in a two-step sequence afforded the over-
reduced product and cyclic byproduct (Table 2, entry 3).
Finally, the excellent 1,2-reduction selectivity and yield of
12 were obtained by using an improved methodology of
Minami’s method we reported (Table 2, entry 4).'

Sharpless asymmetric dihydroxylation was attempted in
the presence of the free phenol and proved unsuccessful.
Therefore, the phenol was protected as the TBDMS ether,
providing the substituted diphenylpropene in almost quan-
titative yield. With the TBDMS group in place, asym-
metric dihydroxylation proceeded smoothly using AD-
mix-a in a mixture of tert-butyl alcohol and water (1:1),
affording the TBS protected diol 13 in 88% yield and
94.1% ee. Attempts to add CH,Cl, or acetone did pro-
duce 13 but in low yield and ee. The TBS-ether of diol 13
was cleaved using tetrabutylammonium fluoride (TBAF)
to afford the triol with a free phenolic hydroxyl group.
The attempt to convert the triol in one step into the

Our synthetic efforts (Scheme 3) commenced with the
commercially available 2.4,6-trihydroxyacetophenone 9
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Scheme 3. Synthesis of o-Iodophenol 16
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enantiomerically pure flavan-3-ol 14 by a Mitsunobu
reaction'? afforded the desired compound in only 51%
yield and 95.8% ee. Treatment of triol with triethyl
orthoformate in the presence of catalytic pyridinium
p-toluenesulfonate (PPTS) and succedent removal of the
formate ester by using K»,CO; in methanol'* gave the
flavan-3-ol 14 in 88% yield and 97.3% ee over two steps.
8-Iodo derivative 15 was readily prepared in 99% yield by
reacting 14 with 1 equiv of recrystallized NIS in DMF
at rt."> The free hydroxyl group in 15 was protected by
benzylation, followed by deprotection of MOM ether with
3 M HCI, affording o-iodophenol 16, which underwent
conjugate addition and subsequent intramolecular Heck
reaction with ynones 3a/b to generate the fully protected
Daphnodorin B (18a/b, Scheme 4). Deprotection of 18a
with 1 M BBr; yielded a mixture of selectively demethy-
lated products since demethylation of a methoxy group
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Tetrahedron 1968, 24,2289. (c) Quillinan, A. J.; Scheinmann, F. J. Chem.
Soc., Perkin Trans. 1 1973, 1329. (d) Mihigo, S. O.; Mammo, W.;
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Scheme 4. Total Synthesis of Daphnodorin B
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R O 2, MnOz
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<5% from 18a

BBry/DCM, -78 to -10 °C,

overnight
1d 220 OCHj3

60% from 18b
18a, R = OCH;3
18b, R=0Bn

para to a carbonyl functional group seems to be less
effective.'® Finally, deprotection of 18b with a benzyloxy
group para to a carbonyl functional group furnished
Daphnodorin B (1d) whose spectral data were in agree-
ment with those reported in literature.*®>!”

In conclusion, syntheses of various 2-substituted-3-func-
tionalized benzofurans were achieved via a conjugate
addition procedure from o-iodophenols and activated
alkynes and a subsequent intramolecular Heck reaction,
which was illustrated by an enantioselective total synthesis
of natural product Daphnodorin B.
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