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Abstract

A palladium-catalyzed tandem cyclization-coupling reaction of o-ethynylbenzoic acids with p-iodoanisole led
to a stereochemical mixture of 3-arylmethylideneisobenzofuran-1-ones. The major product resulted from an
unexpected syn addition of the aryl group and carboxylic acid across the alkyne. Treatment of the major
product with the hypervalent iodine reagent (bis(trifluoroacetoxy)iodo)benzene (phenyliodine
bis(trifluoacetate)) (PIFA) led to an alkene isomerization that produced the minor tandem product. The
structure and stereochemistry of the major and minor tandem reaction products were confirmed by
independent syntheses.  This work provides access to both the (E) and (Z) stereoisomers of
arylmethylideneisobenzofuran-1-ones (phthalides).
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Introduction

Tandem reactions provide an excellent strategy for constructing complex molecules as multiple bonds are
formed in one operation often with high levels of regioselectivity and stereoselectivity.!® In addition, tandem
reactions offer a number of ancillary environmental benefits over the corresponding stepwise processes
including fewer synthetic transformations, work-ups, purification steps, and less waste.?

The cyclization of heteroatom nucleophiles onto pendant alkynes mediated by Pd(ll)-arene species
represents an important type of tandem reaction that has been utilized to prepare a wide variety of
heterocycles.*> For the tandem cyclization-coupling reaction of 2-ethynylbenzoic acid derivatives A, there are
three possible regiochemical and stereochemical outcomes (Scheme 1): (1) product type B via a 5-exo-
cyclization with anti arrangement of the nucleophilic and Pd(ll) moieties; (2) product type C via a 5-exo-
cyclization with syn arrangement of the nucleophilic and Pd(ll) moieties; and (3) product type D via a 6-endo-
cyclization. A possible mechanism for the transformations leading to the type B products is as follows:*> (i)
oxidative addition of haloarenes generating a Pd(ll)-arene species; (ii) coordination of the Pd(ll)-arene species
with the alkyne; (iii) cyclization onto the Pd(ll)-coordinated alkyne by a proximate heteroatom nucleophile;
and (iv) reductive elimination giving C.
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Scheme 1. Stereochemical and regiochemical outcomes of tandem cyclization-coupling reaction of A.
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This transformation has been studied in a few systems previously, by others with differing results. Rossi
and co-workers reported that the cyclization-coupling of 2-ethynylbenzoic acid A (Y = O; R! = propyl) with
iodoarenes led to a mixture of isobenzofuran-1-ones B and isochromen-1-ones D where structures B were the
major products. Balme and co-workers reported an intramolecular cyclization-coupling variation which also
led primarily to 5-exo products B.”® Also of note are tandem cyclization-coupling reactions involving anti-
additions of acyclic substrates (B-alkynylcarboxylic acids) that have been reported to give monocyclic 5-exo
products structurally related to B.1%” On the other hand, there are fewer reports of this type of tandem
cyclization-coupling reaction involving syn-additions of acyclic substrates. In a palladium-catalyzed cyclization-
coupling reaction involving B-alkynylcarboxamides, Hiemstra and co-workers obtained 5-exo products
structurally related to C (Y = N-alkyl; R = SiMes) that resulted from syn-additions across the alkynes.*®

We set out to explore a palladium-mediated tandem cyclization-coupling strategy that could contribute to
a novel strategy aimed at the total syntheses of the aristolactam alkaloids 1. Aristolactam alkaloids are highly
oxygenated phenanthrene lactam natural products®?° that display modest biological activity including anti-
cancer activity (Figure 1).2! Some previously reported synthetic approaches to the aristolactam alkaloids
include: (1) photocyclization of isoindolinones;?> (2) iodocyclization of alkynylbenzamide;?* (3) Horner
olefination-radical cyclization;?#%> (4) intramolecular aryne cycloaddition;?®?” (5) carbonylation of amino-
phenanthrenes;?® and (6) tandem Suzuki coupling-aldol condensation.?®
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Figure 1. Structures of selected aristolactam alkaloids.

In our retrosynthetic analysis aimed at the construction of the aristolactam alkaloids (Scheme 2), the fused
lactam ring can be derived from an amidation of the corresponding fused lactone ring.3° Next, by taking
advantage of the electron-donating groups present in all of the aristolactam congeners, formation of the C-
ring might be possible via an oxidative cyclization3'33 of (E)-arylmethylideneisobenzofuran-1-ones 2
(phthalides).  Kita343°and others3®-3® have demonstrated the use of the hypervalent iodine reagent
phenyliodine(lll) bis(trifluoroacetate) (PIFA) in oxidative cyclizations leading to electron-rich phenanthrenes.
Inspired by the precedent discussed at the outset, phthalides 2 would arise from the tandem cyclization-
coupling reaction between 2-ethynylbenzoic acids and iodoarenes.
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Scheme 2. Proposed approach to aristolactam alkaloids.

Results and Discussion

We commenced our study with the synthesis of o-ethynylbenzoic acid substrates 3. After some
experimentation, we settled on 2-ethynylbenzoic acid 3a, which was prepared following a five-step sequence
(Scheme 3): (i) iodination3® of piperonyl alcohol giving the known 6-iodopiperonyl alcohol;*° (ii) PCC oxidation
giving the known 6-iodopiperonal;*! (iii) oxidative conversion??>#® to the corresponding ester with iodine in the
presence of methanol to give the known methyl 6-iodopiperonylate;** (iv) Sonogashira cross-coupling® to the
triisopropyl-substituted alkyne; and (v) hydrolysis of the methyl ester with hydroxide giving 3a. We found it
necessary to cap the alkyne moiety with a triisopropylsilyl group; structurally related substrates 3b or 3c were
not stable and readily produced the corresponding 3-methylidenephthalide®® or keto hydrolysis product®’
under mildly acidic or basic conditions (see Experimental Section); this same problem was also observed by
Boger and Wolkenberg.#’

(i) 15, CF3CO,Ag vy =—R
- CHClg, MeOH 0 Pd(PPhs),Cl, o
(i) PCC, CHoCl, Cul, EtgN
<Oj©/\OH (III) |2, KOH, MeOH‘ <Oj©[U\OMe (V) NaOH, MeOH - <O OH
R
3a R = Si(i-Pr)s
3b R = SiMe,

3c R=H
Scheme 3. Synthesis of o-ethynylbenzoic acid substrate 3a.

With 3a in hand, we next explored tandem cyclization-coupling reactions (Scheme 4). Using a
modification of the conditions previously reported by Rossi and co-workers for the tandem cyclization of 2-(1'-
butynyl)benzoic acid, treatment of 3a and p-iodoanisole with Pd(PPhs)s in the presence of potassium
carbonate in MeCN/DMSO gave a ~5:1 mixture of two isolable products (note: omission of DMSO significantly
diminished the yield). We presumed the major product to be the expected anti-addition product 2a by
analogy and the minor product to be the syn-addition product 4a. Purification by column chromatography
gave the major product in 57% yield (average yield of six runs). Spectroscopic (*H and 3C NMR) and analytical
data (CHN and HRMS) for the major product were consistent with the presumed structure 2a.
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Scheme 4. Tandem cyclization-coupling reaction of 3a.

We next attempted an oxidative ring closure of the C-ring. In the event, treatment of the major product
(2a or 4a) of the tandem cyclization-coupling reaction with PIFA and boron trifluoride-etherate at —70 °C did
not give the expected oxidative cyclization product, phenanthrene 5 (Scheme 5). Instead, the reaction led to
an isomerization of the major tandem product (at this point, presumably 2a) to the minor tandem product (at
this point, presumably 4a). Harsher reaction conditions (rt) led to decomposition of the starting material and
no identifiable products.

o PIFA, BF5°Et,0 0
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{ S 0o 700 - STy
O R = Si(i-Pr), @

2aorda 5
failed

Scheme 5. Attempted oxidative cyclization.

In order to understand better what was going on, we decided to synthesize the parent (desilylated)
arylmethylideneisobenzofuran-1-ones 2b and 4b independently. The desilylated products 2b and 4b were
obtained by treatment of 2a and 4a, respectively, with tetrabutylammonium fluoride (TBAF) (Scheme 6).
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Scheme 6. Desilylation of 2a/4a.

The independent synthesis of 2b utilized the iodocyclization method developed by Larock and co-workers
(Scheme 7).%> Substrate 6 was prepared by Sonogashira alkynylation of methyl 6-iodopiperonylate (available
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from our synthesis of 3). Treatment of 6 with iodine led to 3-methylideneisobenzofuran-1-one 7 via an
iodocyclization. Suzuki-Miyaura cross-coupling of 7 with p-methoxyphenylboronic acid gave the expected
isobenzofuran-1-one 2c. Desilylation of 2c then gave 2b. Unexpectedly, 2b was not identical to the

material derived from the desilylation of the major product of the tandem cyclization-coupling reaction. Thus,
our tandem reaction did not give the anti-addition product observed in the closely related system by Rossi and
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Scheme 7. Independent synthesis of (E) product 2b.

We next turned our attention to the independent synthesis of sterecisomer 4b. The synthesis of 4b
utilized the method developed by Terada and Kanazawa (Scheme 8) for the synthesis of (E)-arylmethylidene-
isobenzofuran-1-ones by 5-exo-cyclization of the corresponding o-alkynylbenzoates.*®%° Sonogashira cross-
coupling of methyl 6-iodopiperonylate (8) with 4-ethynylanisole produced alkyne 9a. Mild hydrolysis of 9a
with lithium hydroxide gave benzoic acid 9b. Treatment of 9b with DBU led to the formation of known
isobenzofuran-1-one 4b.>° Compound 4b turned out to be identical to the desilylated material derived from
the major tandem cyclization-coupling product. Overall, these independent syntheses provide excellent
support that our original tandem cyclization-coupling reaction of 3 led to a mixture of 4a and 2a where the
syn-addition product 4a was the major product.
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Scheme 8. Independent synthesis of (Z) product 4b.
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Although we observed the syn-addition product 4a as the major product from our palladium-mediated
tandem reaction, we were still able to achieve a synthesis of the desired (E)-arylmethylideneisobenzofuran-1-

one 2b (Scheme 9).

Treatment of 4a with PIFA led to the formation of 2a via an alkene isomerization

(presumably via a radical intermediate). The spectral data obtained for isomerization product 2a matched
spectral data obtained for the minor product of the original tandem cyclization-coupling reaction involving 3a.
Finally, desilylation of 2a by treatment with TBAF gave 2b. As discussed above, 2b matched the material

prepared utilizing the Larock iodocyclization methodology (Scheme 7).

o] PIFA, BF5-Et,0 0 o
CH,Clp, -15°C o TBAF, THF o]
57% <o O | . 76% <o O o
O Si(i-Pr)s O |
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2a
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cyclization-coupling reaction

Scheme 9. Overall results.
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Scheme 10. Mechanism to major product 4a.
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Given the stereochemical outcome that we observed with the tandem cyclization-coupling reaction of 3a,
we propose the following mechanism for the formation of 4a (Scheme 10). This type of mechanism was
suggested by Hiemstra and co-workers in a similar system.’® The mechanism consists of four steps: (i)
oxidative addition of haloarenes generating a Pd(ll)-arene species; (ii) nucleophilic substitution of the Pd(ll)-
arene species with the carboxylic acid; (iii) syn-oxypalladation across the alkyne; and (iv) reductive elimination
giving 4a.

Conclusions

In summary, we have developed new methodology that can be utilized to prepare both (2)- and (E)-
arylmethylideneisobenzofuran-1-ones. The tandem cyclization-coupling reaction of 3a with p-iodoanisole
gave a ~5:1 mixture of the syn-addition product 4a and the anti-addition product 2a, respectively. A novel
PIFA-mediated E/Z isomerization was discovered that converted 4a into 2a. We plan to further investigate the
use of the isobenzofuran-1-ones prepared for the synthesis of complex heterocycles including the aristolactam
alkaloids.

Experimental Section

General.®® All reactions were performed under a positive atmosphere of argon with magnetic stirring unless
otherwise noted. Tetrahydrofuran (THF) and dichloromethane (CH.Cl;) were purified by passage through a
column of alumina utilizing a PureSolv 400 solvent purification system. Unless otherwise indicated, all other
reagents and solvents were purchased from commercial sources and were used without further purification.
H NMR and 3C NMR chemical shifts are reported in parts per million (ppm 68) using the residual proton or
carbon signal of the solvent (CDCls: 6 7.26 ppm, C & 77.3 ppm; de-DMSO: H 6 2.50 ppm, C 6 39.5 ppm) as an
internal reference. Flash chromatography was performed with silica gel (230-400 mesh), and thin-layer
chromatography (TLC) was performed with glass-backed silica gel plates and visualized with UV (254 nm). IR
spectra were measured utilizing an infrared spectrometer fitted with an ATR (attenuated total reflectance)
sampler. High resolution mass spectra (HRMS) were obtained using a Fourier transfer ion cyclotron resonance
(FTICR) mass spectrometer and electrospray ionization (ESI).

6-lodo-1,3-benzodioxole-5-methanol (ii).*° A modification of a literature procedure was followed.3® To a 0 °C
stirred solution of piperonyl alcohol (5.00 g, 32.9 mmol) and silver trifluoroacetate (8.71 g, 39.4 mmol) in
CHCIs (80 mL) in the dark (aluminum foil wrapped flask) was added a solution of I, (10.01 g, 39.44 mmol) in
MeOH (90 mL) dropwise via an addition funnel. The reaction mixture was stirred at 0 °C for 2 h and then at rt
for an additional 22 h. The reaction mixture was filtered through Celite and the Celite layer was washed with
CHCI3 (2 x 50 mL). The solvent was removed in vacuo and the crude material obtained was taken up in CH,Cl;
(100 mL). The organic layer was washed with a saturated aqueous solution of Na;S;03 (3 x 100 mL) and then
dried over Na;SO4. Removal of the solvent in vacuo gave the title compound ii (8.27 g, 29.7 mmol, 91% vyield),
which was used without further purification. Off-white amorphous solid. mp 110-111 °C (lit.3° 110-111 mp
°C). R 0.30 (1:5 EtOAc/petroleum ether). *H NMR (400 MHz, CDCl3) § 7.24 (s, 1H), 7.00 (s, 1H), 5.98 (s, 2H),
4.60 (d, J 6.4 Hz, 2H), 1.89 (t, J 6.4 Hz, 1H) ppm. 3C NMR (100 MHz, CDCl5) 6 148.9, 148.2, 136.5, 118.8, 109.4
102.0, 85.7, 69.6 ppm. [CAS # 69048-76-6]

Page 57 ©ARKAT USA, Inc



Arkivoc 2018, iv, 50-69 Moore, C. A. et al.

<O@(\OH PCC, CHZCIZ, 0°C - <O:<IA\H
0 I 0 I

6-lodo-1,3-benzodioxole-5-carboxaldehyde (iii).** A modification of a literature procedure was followed.** To
a stirred solution of 6-iodo-1,3-benzodioxole-5-methanol (ii) (3.10 g, 11.2 mmol) in CHxCl; (100 mL) at 0 °C was
added pyridinium chlorochromate (PCC) (4.81 g, 22.3 mmol). The reaction mixture was stirred at 0 °C for 2 h
and then for an additional 16 h at rt by which time TLC showed complete conversion. The reaction mixture
was filtered through a short plug of silica gel. The silica gel was washed with additional CH,Cl, (100 mL). The
combined organic layers were dried over Na;SO4 and removal of the solvent in vacuo gave the title compound
iii (2.67 g, 9.67 mmol, 87% yield), which was used without further purification. Off-white amorphous solid. mp
108-109 °C (lit.** mp 112-113 °C). Ry 0.31 (1:10 EtOAc/petroleum ether). IR (ATR, neat) 2890, 1755, 1668,
1609, 1593, 1502, 1475, 1398, 1381, 1340, 1246, 1109, 1032, 962, 929, 871, 846, 783 cm™. 1H NMR (400 MHz,
CDCls) & 9.89 (s, 1H), 7.38 (s, 1H), 7.34 (s, 1H), 6.08 (s, 2H) ppm. 3C NMR (100 MHz, CDCl3) 6 194.8, 153.8,
149.5, 129.9, 119.7, 109.2, 103.0, 93.6 ppm. [CAS # 58343-53-6]

o] o}

<OjijiJ\H MeOH, I,, KOH o <O:©%\0Me
o} I o I
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Methyl 6-iodo-1,3-benzodioxole-5-carboxylate (8).*** A modification of a literature procedure was
followed.*? To a 0 °C stirred solution of KOH (0.800 g, 14.5 mmol) in MeOH (50 mL) was added a solution of 6-
iodo-1,3-benzodioxole-5-carboxaldehyde (iii) (0.500 g, 1.81 mmol) in MeOH (80 mL) followed by solid I, (1.84
g, 7.24 mmol). The reaction was mixture was stirred at 0 °C for 2 h and then at rt for an additional 14 h. The
reaction mixture was treated with solid Na;S;0suntil the brown color dissipated. The bulk of the solvent was
removed in vacuo and the residue was taken up in CH,Cl; (100 mL). The organic layer was washed with a
saturated solution of NaS;03 (2 x 100 mL), brine (100 mL), and dried over Na;SO4. Removal of the solvent in
vacuo gave a crude yellow solid (0.59 g). Purification by flash chromatography (1:20 EtOAc/petroleum ether
to 1:10 EtOAc/petroleum ether) gave the title compound 8 (0.510 g, 1.67 mmol, 92% vyield). Off-white
amorphous solid. mp 83-85 °C (lit.** mp 84.6-86.1 °C). Rf 0.31 (1:10 EtOAc/petroleum ether). IR (ATR, neat)
3008, 2959, 2915, 1716, 1611, 1501, 1487, 1437, 1405, 1374, 1347, 1240, 1223, 1183, 1135, 1121, 1084, 1026,
984, 929, 911, 867, 840, 798, 771 cm™%. *H NMR (400 MHz, CDCl3) § 7.41 (s, 1H), 7.37 (s, 1H), 6.04 (s, 2H), 3.89
(s, 3H) ppm. 3C NMR (100 MHz, CDCls) 6 166.2, 151.4, 148.4, 127.7, 121.2, 111.3, 102.7, 85.2, 52.7 ppm. [CAS
# 61599-80-2]
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Methyl 6-(trimethylsilylethynyl)-1,3-benzodioxole-5-carboxylate (6). A modification of a literature procedure
was followed.*? To a stirred solution of methyl ester (8) (0.500 g, 1.63 mmol) and TMS-acetylene (0.460 mL,
3.26 mmol) in EtsN (15 mL) at rt was added Pd(PPhs),Cl, (0.110 g, 0.163 mmol) and Cul (6 mg, 0.03 mmol)
with stirring. The reaction mixture was heated to 55 °C for 23 h. The resulting solution was filtered through a
plug of Celite (washing with excess CH,Cl;) and the filtrate was washed with 1.0 M HCI (2 x 75 mL) and brine
(150 mL). Solvent was removed in vacuo giving a crude brown solid (0.57 g). Purification by flash
chromatography (1:40 EtOAc/petroleum ether to 1:20 EtOAc/petroleum ether) gave the title compound 6
(0.350 g, 0.127 mmol, 78% yield). White amorphous solid. mp 67-70 °C. Rf 0.43 (1:10 EtOAc/petroleum
ether). IR (ATR, neat) 3064, 2956, 2911, 2152, 1706, 1610, 1508, 1489, 1433, 1368, 1241, 1218, 1180, 1128,
1035, 956, 933, 884, 840, 803, 779, 758 cmL. 'H NMR (400 MHz, CDCl3) § 7.37 (s, 1H), 6.98 (s, 1H), 6.04 (s, 2H),
3.88 (s, 3H), 0.26 (s, 9H) ppm. 3C NMR (100 MHz, CDCl3) & 166.3, 150.5, 148.1, 127.4, 118.9, 114.0, 110.4,
103.6, 102.5, 98.7, 52.2, 0.2 ppm. HRMS (ESI-FTICR) calcd for spray dimer (C1aH1604Si)2-Na* (M2-Na*) 575.1528,

found 575.1518.
<o OMe K>COj3, MeOH <O©ioMe
(@] (e} %

6 SiMe; iv

4

Methyl 6-ethynyl-1,3-benzodioxole-5-carboxylate (iv).*’ To a stirred solution of methyl ester (6) (0.500 g, 1.81
mmol) in MeOH (10 mL) at rt was added K,COs (0.500 g, 3.62 mmol) and the reaction was monitored by TLC
(1:8 EtOAc/petroleum ether). After 0.5 h, TLC showed complete conversion. The solvent was removed in
vacuo giving a crude solid (0.97 g). Purification by flash chromatography (1:15 EtOAc/petroleum ether to 1:5
EtOAc/petroleum ether) gave the title compound iv (0.240 g, 1.18 mmol, 65% yield). White crystalline solid.
mp 105-107 °C. Rf 0.26 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 3300, 3063, 3009, 2965, 2928, 1724, 1607,
1502, 1488, 1438, 1397, 1377, 1250, 1223, 1183, 1166, 1105, 1027, 953, 922, 872, 861, 804, 779, 742, 715 cm"
1. 1H NMR (300 MHz, CDCls) 6 7.40 (s, 1H), 7.02 (s, 1H), 6.06 (s, 2H), 3.89 (s, 3H), 3.33 (s, 1H) ppm. 3C NMR (75
MHz, CDCl3) § 165.9, 150.7, 148.3, 127.4, 118.3, 114.4, 110.4, 102.6, 82.3, 81.5, 52.4 ppm. HRMS (ESI-FTICR)
calcd for C11HsO4-Na* (M-Na*) 227.0315, found 227.0312.
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6-Acetyl-1,3-benzodioxole-5-carboxylic acid (v).*’ To a rt stirred solution of ester iv (0.050 g, 0.24 mmol) in
THF (5 mL) was added a mixture of LiOH-H,0O (0.050 g, 1.2 mmol) in MeOH (5 mL) and H;0 (5 mL). The
reaction mixture was heated to 40 °C for 19 h and then the solvent was removed in vacuo. The crude orange
residue was taken up in H,O (50 mL) and the resulting aqueous solution was washed with Et,O (50 mL). The
aqueous layer was then acidified by the addition of an aqueous HCI (1.0 M, 2 mL) and then was extracted with
EtOAc (2 x 50 mL). The combined organic layers were ashed with brine (100 mL) and dried over Na;SOa.
Removal of the solvent in vacuo gave the title compound v (42 mg, 0.20 mmol, 83% vyield). White film. mp
167-169 °C. Rr 0.64 (EtOAc). IR (ATR, neat) 3228, 3069, 2990, 2934, 1706, 1609, 1523, 1497, 1483, 1445, 1376,
1309, 1240, 1212, 1193, 1175, 1153, 1124, 1101, 1050, 1033, 995, 960, 928, 882, 869, 851, 825, 809, 790, 725
cm. IH NMR (400 MHz, d6-DMSO) & 7.78 (br s, 1H), 7.21 (s, 1H), 7.19 (s, 1H), 1.75 (s, 3H) ppm. 13C NMR (100
MHz, CDCls) § 167.3, 153.0, 149.4, 146.7, 119.8, 103.5, 102.84, 102.79, 26.4 (missing carbon) ppm. HRMS (ESI-
FTICR) calcd for C10HgOs-Na* (M-Na*) 231.0264, found 231.0262. [CAS # 1027081-13-5]

o) = Si(i-Pr)g 0

<OKIJ\OMG PdCI,(PPhg),, Cul, EtsN _ <O OMe
@) | o)

Si(i-Pr)g

4

8 Vi

Methyl 6-((triisopropylsilyl)ethynyl)-1,3-benzodioxole-5-carboxylate (vi). A modification of a literature
procedure was followed.** To a stirred solution of ester 8 (2.00 g, 6.54 mmol) and triisopropylsilylacetylene
(2.2 mL, 10 mmol) in EtsN (20 mL) at rt was added PdCl;(PPhs), (0.23 g, 0.33 mmol) and Cul (0.020 g, 0.13
mmol). The reaction was stirred at 55 °C for 24 h and then allowed to cool to rt. The reaction mixture was
filtered through Celite; the Celite plug was rinsed with CH,Cl, (100 mL). The organic layer was washed with
aqueous HCl (1.0 M, 2 x 100 mL), brine (100 mL), and dried over Na,SO4. Removal of the solvent in vacuo gave
a crude orange solid (2.64 g). Purification by flash chromatography (1:50 EtOAc/petroleum ether to 1:25
EtOAc/petroleum ether) gave the title compound vi (2.02 g, 5.60 mmol, 86% yield). White amorphous solid.
mp 50-52 °C. Rf 0.50 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 2942, 2891, 2864, 2148, 1701, 1614, 1511,
1488, 1461, 1437, 1371, 1262, 1218, 1181, 1127, 1072, 1034, 1015, 992, 957, 928, 877, 849, 781, 721 cm™. H
NMR (400 MHz, CDCls) 6 7.36 (s, 1H), 6.98 (s, 1H), 6.03 (s, 2H), 3.87 (s, 3H), 1.14 (s, 21H) ppm. 13C NMR (100
MHz, CDCl3) 6 166.6, 150.4, 148.0, 127.4, 119.1, 114.4, 110.4, 105.4, 102.4, 95.4, 52.4, 19.0, 11.7 ppm. HRMS
(ESI-FTICR) calcd for CaoH2804Si-Na* (M-Na*) 383.1649, found 383.1647.
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O (0]
<o OMe NaOH, THF, aq. MeOH <o OH
(0] (0]
X N
Si(i-Pr)s Si(i-Pr),
vi 3a

6-((Triisopropylsilyl)ethynyl)-1,3-benzodioxole-5-carboxylic acid (3a). To a rt stirred solution of ester vi (1.22
g, 3.39 mmol) in THF (60 mL) was added a solution of NaOH (0.270 g, 6.77 mmol) in H,0 (30 mL) and MeOH
(30 mL). The reaction mixture was heated to reflux for 24 h. The bulk of the organic solvent was removed in
vacuo and the residue was treated with H,O (100 mL). The aqueous solution was extracted with Et,O (100 mL)
and the organic layer was set aside. The aqueous layer was cooled to 0 °C and acidified by the addition of
aqueous HCl (1.0 M) until pH 2. The acidic layer was extracted with Et;0 (3 x 100 mL) and the combined
organic layers were dried over Na;SOs4. Removal of the solvent in vacuo gave the title compound 3a (1.05 g,
3.03 mmol, 89% yield), which was used without further purification. An analytical sample was obtained by
recrystallization from 1:1 CH.Cl,/petroleum ether. White amorphous solid. mp 206-209 °C. Ry 0.11 (1:8
EtOAc/petroleum ether). IR (ATR, neat) 2940, 2864, 2148, 1688, 1602, 1508, 1487, 1464, 1422, 1408, 1392,
1365, 1316, 1278, 1247, 1177, 1132, 1073, 1035, 1017, 994, 930, 879, 855, 785, 773, 721 cm™. *H NMR (300
MHz, CDCl3) §7.52 (s, 1H), 7.01 (s, 1H), 6.07 (s, 2H), 1.14 (s, 21H) ppm. 13C NMR (75 MHz, CDCls) & 168.8, 151.3,
148.3,126.2,119.5, 114.2,111.1, 104.8, 102.7, 98.4, 18.9, 11.6 ppm. Anal calcd for C19H3604Si: C 65.86, H 7.56;
found: C 65.59, H 7.45. HRMS (ESI-FTICR) calcd for C19H2604Si-Na* (M-Na*) 369.1493, found 369.1491.

not observed
(0]

o E
<o OH TBAF, THF _ <O . <0©ior|
vii l

V4

Si(i-Pr)g 3c

..........................

3a

7-Methylenefuro[3,4-f]-1,3-benzodioxol-5(7H)-one (vii).*® To a 0 °C stirred mixture of carboxylic acid 3a
(0.100 g, 0.289 mmol) in THF (5 mL) was added solid tetrabutylammonium fluoride trihydrate (TBAF) (91 mg,
0.289 mmol). The reaction mixture was stirred at 0 °C for 4 h. The pink reaction mixture was diluted with Et,O
(20 mL) and the organic solution was washed with aqueous NaOH (20 mL, 1.0 M), H,0 (20 mL), brine (20 mL),
and dried over Na;SO4. Removal of the solvent gave the title compound vii (41 mg, 0.22 mmol, 76% yield).
Yellow amorphous solid. mp 143-145 (dec) °C (lit.*® mp 263-265 °C). Ry 0.44 (1:1 CH,Cly/petroleum ether). IR
(ATR, neat) 3135, 3070, 3046, 3016, 2923, 2855, 1752, 1659, 1609, 1503, 1470, 1391, 1375, 1315, 1236, 1175,
1120, 1105, 1077, 1031, 970, 952, 930, 865, 854, 826, 807, 780, 742 cm™. *H NMR (400 MHz, CDCl3) 6 7.18 (d, J
0.8 Hz, 1H), 7.02 (d, J 0.8 Hz, 1H), 6.15 (s, 2H), 5.13 (d, J 3.0 Hz, 1H), 5.04 (d, J 3.0 Hz, 1H) ppm. 3C NMR (100
MHz, CDCl3) 6 166.6, 154.3, 151.8, 150.8, 136.0, 120.0, 104.0, 103.1, 100.3, 90.6 ppm. NMR data matches
literature values.*® [CAS # 1642342-95-7]
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Q 0
<o OMe I, CH,Cl, N <o .
o o)
X |
SiMe, I” > SiMe,
6 7

(E)-7-(lodotrimethylsilylmethylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (7). A modification of a literature
procedure was followed.* To a stirred solution of ester 6 (0.75 g, 2.7 mmol) in CH,Cl, (30 mL) was added solid
[ (0.83 g, 3.3 mmol). The mixture was stirred at rt for 60 min and then diluted with EtO (100 mL). The
organic solution was washed with aqueous Na;S,03 (3 x 50 mL, saturated) and dried over Na;SOa4. Removal of
the solvent in vacuo gave a crude brown solid (1.13 g). Purification by flash chromatography (1:40 ethyl
acetate/petroleum ether to 1:30 ethyl acetate/petroleum ether) gave the title compound 7 (0.85 g, 2.2 mmol,
81% vyield). Orange amorphous solid. mp 94-96 °C. Ry 0.37 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 2954,
2915, 1759, 1590, 1496, 1468, 1403, 1303, 1246, 1166, 1117, 1080, 1031, 980, 927, 864, 842, 819, 776, 756,
718 cm™. IH NMR (400 MHz, CDCls) & 8.43 (d, J 0.4 Hz, 1H), 7.22 (d, J 0.4 Hz, 1H), 6.17 (s, 2H), 0.39 (s, 9H) ppm.
13C NMR (100 MHz, CDCl3) 6 165.5, 153.4, 152.1, 150.7, 135.5, 122.1, 105.5, 104.4, 103.3, 86.2, 1.0 ppm. HRMS
(ES|-FT|CR) calcd for C13H13IO4Si-Na+ (|V|'N8+) 410.9520, found 410.9518.

/©/B(OH)2
MeO

O Pd(PPhg),, Nay,CO;4 o
O aq. toluene, A 0o
¢ 0 - ¢ 0
© | ° |
| SiMes SiMes
7
MeO
2c

(2)-7-((4’-Methoxyphenyl)trimethylsilylmethylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (2c). A modification
of a literature procedure was followed.* To a rt stirred solution of iodoalkene 7 (1.00 g, 2.58 mmol) and 4-
methoxyphenylboronic acid (0.75 g, 4.8 mmol) in toluene (25 mL) was added Pd(PPhs)s (0.28 g, 0.24 mmol)
and a solution of Na;COs3 (0.94 g, 8.9 mmol) in H,0 (2.5 mL). The reaction mixture was heated to 80 °C for 20
h. The reaction mixture was allowed to cool to rt and then was poured into a saturated solution of NH4Cl (50
mL) and extracted with EtOAc (4 x 50 mL). The combined organic layers were dried over Na;SOs. Removal of
the solvent in vacuo gave a dark solid (1.76 g). Purification by flash chromatography (1:20 EtOAc/petroleum
ether to 1:10 EtOAc/petroleum ether) gave the title compound 2c (0.81 g, 2.2 mmol, 85% yield). Yellow
amorphous solid. mp 179-181 °C. Rf 0.22 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 2963, 2841, 1749, 1625,
1604, 1507, 1462, 1443, 1409, 1305, 1281, 1241, 1184, 1170, 1108, 1088, 1070, 1031, 992, 933, 912, 895, 836,
785, 758, 736, 723 cm™t. 1H NMR (400 MHz, CDCl3) § 7.15 (d, J 0.4 Hz, 1H), 6.98 (“AB” quartet, J 8.8 Hz, 4H),
6.00 (s, 2H), 5.70 (d, J 0.4 Hz, 1H), 3.87 (s, 3H), 0.20 (s, 9H) ppm. 13C NMR (100 MHz, CDCls) & 167.0, 158.8,
153.2, 151.2,149.9, 135.1, 131.0, 129.2, 126.5, 120.9, 114.8, 103.85, 103.78, 102.7, 55.6, -0.4 ppm. HRMS (ESI-
FTICR) calcd for CaoH2005Si-Na* (M-Na*) 391.0972, found 391.0969.
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(E)-7-((4’-Methoxyphenyl)methylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (2b). To a 0 °C stirred solution of
isobenzofuranone 2c¢ (0.100 g, 0.272 mmol) in THF (5 mL) was added tetrabutylammonium fluoride trihydrate
(TBAF) (0.086 g, 0.27 mmol). The reaction was allowed to warm to rt and stirred for 1 h by which time TLC
showed complete conversion of the starting material. The reaction mixture was diluted with Et,0 (20 mL) and
the organic layer was washed with brine (25 mL) and dried over Na,SO4. Removal of the solvent in vacuo gave
a crude solid (0.100 g). Purification by flash chromatography (1:40 EtOAc/petroleum ether to 1:10
EtOAc/petroleum ether) gave the title compound 2b (0.061 g, 0.21 mmol, 76% yield), which gave spectral data
that matched the material obtained by desilylation of 2a (vide supra).

:—<: :)—OMe
(0] (0]
<ojijij\owle PdCl,(PPhg),, Cul, EtgN _ <o O OMe
0] (0]
| \\
8 9a O
OMe

Methyl 6-((4-methoxyphenyl)ethynyl)-1,3-benzodioxole-5-carboxylate (9a). A modification of a literature
procedure was followed.*® To a rt stirred mixture of ester 8 (1.50 g, 4.90 mmol) and 4-ethynylanisole (0.95
mL, 7.3 mmol) in EtsN (20 mL) was added PdCl,(PPhs), (0.34 g, 0.49 mmol) followed by Cul (0.019 g, 0.10
mmol). The reaction was heated to 55 °C for 24 h and then allowed to cool to rt. The reaction mixture was
poured through a plug of celite, which was washed with CH,Cl; (50 mL). The organic layer was washed with an
aqueous solution of HCI (1.0 M, 2 x 100 mL) and brine (100 mL). The solvent was removed in vacuo giving a
crude black solid (1.72 g). Purification by flash chromatography (1:40 EtOAc/petroleum ether to 1:30
EtOAc/petroleum ether) gave the title compound 9a (1.27 g, 4.09 mmol, 81% yield). White amorphous solid.
mp 89-93 °C. Ry 0.22 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 2945, 2840, 2204, 1719, 1602, 1567, 1512,
1483, 1456, 1442, 1432, 1404, 1377, 1298, 1247, 1173, 1145, 1106, 1026, 956, 926, 888, 851, 835, 801, 779,
765, 714 cm™. IH NMR (400 MHz, CDCls) 6 7.50 (d, J 8.4 Hz, 2H), 7.43 (d, J 0.4 Hz, 1H), 7.02 (d, J 0.4 Hz, 1H),
6.88 (d, J 8.4 Hz, 2H), 6.05 (s, 2H), 3.92 (s, 3H), 3.83 (s, 3H) ppm. 13C NMR (100 MHz, CDCls) & 166.2, 160.0,
150.7, 147.6, 133.4, 126.3, 119.9, 115.8, 114.3, 113.3, 110.5, 102.5, 93.7, 87.5, 55.6, 52.4 ppm. HRMS (ESI-
FTICR) calcd for spray dimer (C1gH1405)2:Na* (M2:Na*) 643.1575, found 643.1563.
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6-((4-Methoxyphenyl)ethynyl)-1,3-benzodioxole-5-carboxylic acid (9b). To a rt stirred solution of ester 9a
(0.224 g, 0.722 mmol) in THF (10 mL) was added a solution of LiOH monohydrate (0.151 g, 3.61 mmol) in
MeOH (5 mL) and H;0 (5 mL). The reaction mixture was heated to 50 °C for 40 min by which time TLC showed
incomplete conversion to product along with the formation of two UV-active by-products. At this point, the
solvent was removed in vacuo giving a brown residue which was taken up in H20 (30 mL). The aqueous layer
was washed with Et;0 (2 x 30 mL) and then acidified by the addition of an aqueous solution of HCI (1.0 M, 3
mL). The acidified aqueous layer was extracted with CH,Cl, (2 x 30 mL). The combined organic layers were
washed with brine (60 mL) and dried over Na,SO4. Removal of the solvent in vacuo gave a yellow film (0.201
g). Trituration (CH.Cly/petroleum ether) of the yellow film gave title compound 9b (note: flash
chromatography of a different batch led to decomposition of this material). Light green amorphous solid. mp
170-174 °C. Rf 0.30 (1:1 EtOAc/petroleum ether). IR (ATR, neat) 2912, 2841, 2611, 2205, 1680, 1597, 1568,
1509, 1478, 1414, 1367, 1302, 1268, 1236, 1174, 1152, 1106, 1031, 931, 877, 856, 827, 803, 784, 766, 724 cm"”
1,14 NMR (400 MHz, CDCl3) & 12.91 (br s, 1H), 7.43 (d, J 8.8 Hz, 2H), 7.36 (s, 1H), 7.14 (s, 1H), 6.99 (d, J 8.8 Hz,
2H), 6.16 (s, 2H), 3.79 (s, 3H) ppm. 3C NMR (100 MHz, CDCls) § 166.3, 150.0, 147.3, 132.7, 127.4, 117.9, 114.8,
114.4, 112.3, 109.7, 102.5, 92.6, 87.6, 55.3 ppm. HRMS (ESI-FTICR) calcd for spray dimer (Ci7H120s),-Na*
(M3-Na*) 615.1262, found 615.1259.
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D |
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(2)-7-((4’-Methoxyphenyl)methylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (4b).>® A modification of a
literature procedure was followed.*® To a rt stirred solution of carboxylic acid 9b (0.050 g, 0.17 mmol) in
MeCN (2 mL) was added DBU (1 drop, catalytic). The reaction mixture was stirred at 80 °C for 2.5 h and then
allowed to cool to rt. Removal of the solvent in vacuo gave a crude solid product (0.10 g). Purification by flash
chromatography (1:4 EtOAc/petroleum ether) gave the title compound 4b (0.029 g, 0.10 mmol, 58% yield),
which gave spectral data that matched the material obtained by desilylation of 4a (vide supra).
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(E)-7-((4’-Methoxyphenyl)triisopropylsilylmethylene)furo[3,4-f]-1,3-benzodioxolo-5(7H)-one (4a). A
modification of a literature procedure was followed.*® A stirred solution of carboxylic acid 3a (0.150 g, 0.433
mmol) in MeCN (14 mL) and DMSO (2 mL) was purged with Ar gas for 30 min. To this solution was added 4-
iodoanisole (0.122 g, 0.520 mmol) and Pd(PPhs)s (0.050 g, 0.043 mmol) and purging with Ar was resumed for
another 20 min. Finally, K,COs3 (0.239 g, 1.73 mmol) was added to the solution, which was purged for another
5 min then heated to 80 °C for 24 h. The reaction mixture was cooled to rt then partitioned between water
(15 mL) and Et,0 (15 mL). Removal of solvent in vacuo gave a crude brown solid (0.22 g). Purification by flash
chromatography (1:25 EtOAc/petroleum ether to 1:15 EtOAc/petroleum ether) gave the title compound 4a
(0.110 g, 0.243 mmol, 57% yield). Average yield for six runs 57%. White amorphous solid. mp 212-215 °C. Rf
0.20 (1:8 EtOAc/petroleum ether). IR (ATR, neat) 2948, 2866, 1759, 1607, 1586, 1503, 1474, 1384, 1364, 1304,
1245, 1169, 1106, 1080, 1028, 987, 931, 908, 881, 839, 781, 766, 720 cm™. *H NMR (300 MHz, CDCl3) 6 7.32 (s,
1H), 7.19 (s, 1H), 7.01 (d, J 8.7 Hz, 2H), 6.85 (d, J 8.7 Hz, 2H), 6.16 (s, 2H), 3.81 (s, 3H), 1.45 (sept, J 7.5 Hz, 3H),
1.11 (d, J 7.5 Hz, 18H) ppm. 3C NMR (75 MHz, CDCl3) 6 166.1, 158.1, 153.4, 151.4, 150.0, 134.7, 132.9, 129.6,
124.6, 122.5, 113.5, 104.3, 103.3, 103.2, 55.5, 19.5, 14.2 ppm. HRMS (ESI-FTICR) calcd for CisH3,05Si-Na*
(M-Na*) 475.1911, found 475.1908.

TBAF, THF

(2)-7-((4’-Methoxyphenyl)methylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (4b).>° To a 0 °C stirred solution
of isobenzofuranone 4a (0.150 g, 0.330 mmol) in THF (5 mL) was added tetrabutylammonium fluoride
trihydrate (TBAF) (0.104 g, 0.330 mmol). The reaction mixture was stirred at 0 °C for 3 h and then allowed to
warm to rt. The reaction mixture was treated with H,O (30 mL) and extracted with Et;O (3 x 30 mL). The
combined organic layers were washed with brine (80 mL) and dried over Na,SO4. Removal of the solvent in
vacuo gave a crude white solid (0.17 g). Purification by flash chromatography (1:10 EtOAc/petroleum ether to
1:4 EtOAc/petroleum ether) gave the title compound 4b (0.077 g, 0.26 mmol, 79% yield). White amorphous
solid. mp 209-213 °C (lit.>® mp 210-215 °C). Rf 0.23 (1:4 EtOAc/petroleum ether). IR (ATR, neat) 3048, 2926,
1749, 1656, 1602, 1508, 1496, 1474, 1397, 1325, 1307, 1292, 1257, 1225, 1169, 1115, 1070, 1019, 964, 935,
895, 854, 818, 778, 714 cm™. *H NMR (400 MHz, CDCl3) § 7.77 (d, J 8.6 Hz, 2H), 7.21 (d, J 0.4 Hz, 1H), 7.06 (d, J
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0.4 Hz, 1H), 6.93 (d, J 8.6 Hz, 2H), 6.20 (s, 1H), 6.15 (s, 2H), 3.85 (s, 3H) ppm. 3C NMR (100 MHz, CDCl3) &
167.0, 159.9, 154.3, 150.0, 143.3, 138.0, 131.8, 126.2, 117.8, 114.5, 106.4, 104.1, 103.0, 99.1, 55.6 ppm. HRMS
(ESI-FTICR) calcd for spray dimer (C17H1205)2-Na* (M32-Na*) 615.1262, found 615.1259. [CAS # 55159-68-7]

0O

PIFA, BF3-Et,0, CH,Cl,, -15 °C <O O
> o]

° |

O Si(i-Pr)g
MeO

2a

(2)-7-((4’-Methoxyphenyl)triisopropylsilyimethylene)furo[3,4-f]-1,3-benzodioxolo-5(7H)-one (2a). To a -15 °C
(external ice/salt/acetone bath) stirred solution of isobenzofuranone 4a (0.214 g, 0.473 mmol) in CH,Cl, (15
mL) was phenyliodine(lll) bis(trifluoroacetate) (PIFA) (0.244 g, 0.568 mmol) followed by a solution of BF3-Et,0
in dissolved in CH>Cl> (15 mL). The reaction mixture was stirred at -15 °C for 25 min and the solvent was
removed in vacuo giving a crude brown oil (0.33 g). Purification by flash chromatography (1:30
EtOAc/petroleum ether to 1:20 EtOAc/petroleum ether) gave the title compound 2a (0.123 g, 0.272 mmol,
57% yield). Off-white amorphous solid. mp 155-160 (dec) °C. Rf 0.26 (1:8 EtOAc/petroleum ether). IR (ATR,
neat) 2942, 2864, 1763, 1604, 1508, 1461, 1378, 1311, 1286, 1242, 1167, 1103, 1087, 1066, 1027, 988, 936,
912, 882, 862, 835, 812, 795, 779, 740, 718 cm™*. 'H NMR (400 MHz, CDCls) & 7.15 (d, J 0.4 Hz), 7.09 (d, J 8.4
Hz, 2H), 6.95 (d, J 8.4 Hz, 2H), 6.00 (s, 2H), 5.49 (d, J 0.4 Hz, 1H), 3.87 (s, 3H), 1.37 (sept, J 7.6 Hz, 3H), 1.07 (d, J
7.6 Hz, 18H) ppm. 3C NMR (100 MHz, CDCls) 6 166.8, 158.8, 153.3, 151.9, 149.8, 135.0, 131.5, 129.9, 124.9,
120.9, 114.6, 104.2, 103.7, 102.7, 55.6, 19.3, 12.6 ppm. HRMS (ESI-FTICR) calcd for Ca6H320sSi-Na* (M-Na*)
475.1911, found 475.1909.

O o)

O TBAF, THF 0
o > o
.y .y

O Si(i-Pr)g O
MeO MeO

2a 2b

(E)-7-((4’-Methoxyphenyl)methylene)furo[3,4-f]-1,3-benzodioxol-5(7H)-one (2b). To a 0 °C stirred solution of
isobenzofuranone 2a (0.050 g, 0.11 mmol) in THF (5 mL) was added tetrabutylammonium fluoride trihydrate
(TBAF) (0.040 g, 0.12 mmol). The reaction mixture was stirred at 0 °C for 1 h and then diluted with H,O (30
mL). The aqueous solution was extracted with Et;0 (3 x 30 mL). The combined organic layers were washed
with brine (100 mL) and dried over Na;SO4. Removal of the solvent in vacuo gave a cream-colored amorphous
solid (0.042 g). Purification by flash chromatography (1:25 EtOAc/petroleum ether to 1:10 EtOAc/petroleum
ether) gave the title compound 2b (0.022 g, 0.074, 68% yield). White amorphous solid. mp 154-157 °C. Ry 0.27
(1:4 EtOAc/petroleum ether). IR (ATR, neat) 2928, 1759, 1661, 1605, 1510, 1501, 1474, 1439, 1396, 1359,
1277, 1247, 1172, 1157, 1108, 1025, 979, 927, 868, 845, 822, 780, 732, 720 cm™. 'H NMR (400 MHz, CDCls) 6
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7.35 (dd, J 0.8, 9.2 Hz, 2H), 7.20 (d, J 0.8 Hz, 1H), 6.97 (d, J 8.4 Hz, 2H), 6.87 (s, 1H), 6.75 (s, 1H), 6.08 (s, 2H),
3.87 (s, 3H) ppm. 3C NMR (100 MHz, CDCl3) § 166.6, 159.9, 153.6, 150.3, 146.1, 134.5, 130.8, 125.4, 121.2,
114.6, 112.0, 104.1, 103.0, 102.5, 55.6 ppm. HRMS (ESI-FTICR) calcd for spray dimer (C17H120s)2-Na* (M2-Na*)
615.1262, found 615.1258.

Supplemental Data

Copies of *H and 3C NMR spectra are available as part of the supplemental data.
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