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Introduction

Cascade reactions are highly efficient in organic synthesis to
access complex molecular frameworks.! In the early 2000s,
Miiller et al. developed a Sonogashira coupling and propargyl-
allenyl isomerization sequence, upon which several hetero-
cyclic scaffolds were further constructed.” We have also been
developing a series of palladium-catalyzed sequential reactions
from electron-deficient vinyl iodides and propargyl ethers,
wherein an allene intermediate is generated in situ under mild
conditions. These reactions provide efficient synthesis of struc-
turally complex polycycles with 2,3-dihydrofuran units,**? di-
hydroisobenzofuran units,®” pyrrole units,** and fluorene
units.* Along these lines, we envisaged that in the presence of
a base, the Sonogashira-coupling product A of aryl iodides with
furylmethyl propoargyl ethers may undergo a propargyl-allenyl
isomerization to furnish allenyl furylmethyl ether B,* which
would be followed by a [4 + 2] cycloaddition to afford cyclo-
adduct C or C’ via an endo or exo transition state (Scheme 1).*

Results and discussion

To commence our studies, we carried out the reaction of
4-iodonitrobenzene 1a with propargyl furylmethyl ether 2a as a
model. Instead of obtaining C-type products, interestingly, a
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furylmethyl ethers: a novel pathway to functionalized
dihydroisobenzofuranst

¢a,b

An interesting sequential reaction involving Sonogashira coupling, propargyl-allenyl isomerization, intra-
molecular [4 + 2] cycloaddition, and bridged oxa-ring opening has been realized, providing a facile
method for the synthesis of functionalized dihydroisobenzofurans from easily accessible starting
materials with a decent diastereoselectivity.
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Scheme 1 Concept for the synthesis of tricyclic products with an oxa-bridge.

pair of bicyclic diastereomers 3aa and 3aa’ with a furan unit
were isolated as the products, which must have formed from
the base-induced cleavage of the oxa-bridge in 4 (Scheme 2).
The typical results of optimization of the reaction conditions
are summarized in Table 1. The screening of solvents and
bases proved that both had a significant influence on the yield
and diastereoselectivity. Among some commonly used sol-
vents, PhMe was the best (Table 1, entries 1-4).

Amine affected the diastereoselectivity slightly (Table 1, entries
4-9). Further studies showed that 3aa was achieved with up to 83%
yield with a 93 : 7 diastereomeric ratio in 1 mL of PhMe by using
i-Pr,NH as the base (Table 1, entry 11). Here it should be noted
that the predominant formation of 3aa indicates that the allenyl
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Scheme 2 The rationale for the stereoselective formation of the final bicyclic
products 3aa and 3aa’.
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Table 1 Effects of solvent and amine on the sequential reaction of 4-nitro-
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Table 2 Palladium-catalyzed sequential reaction between electron-withdraw-
ing aryl halides 1 and propargylic 2-furylmethyl ethers 27

O,N
5 mol% PACIx(PPhs)z
<> 3 mol% Cul, Nz

condmons

phenyl iodide 2a and propargylic 2-furylmethyl ether 1a®
oM O oH
Ph /
o
3a’

1a 23
T (°C)/ Yield of

Entry  Solvent  Base t (h) 3aa’ (%) 3aa:3aa”
1 THF NEt, 65/3 48 84:167
2 EtOH NEt, 65/2 56 78:224
3 MeCN NEt; 65/2 58 78:22¢
4 PhMe NEt; 65/3.5 62 91:9

5 PhMe i-Pr,EtN 65/18.5 58 93:7

6 PhMe TMEDA 65/3.5 42 92:8

7 PhMe (n-C4Ho),NH  65/3 78 91:9

8 PhMe Cy,NH 65/10 58 94:6

9 PhMe i-Pr,NH 65/12 67 94:6
10 PhMe i-Pr,NH 85/7 64 93:7
11° PhMe i-Pr,NH 65/11 83 93:7
127 PhMe i-Pr,NH 65/35 55 95:5

“Reactions were carried out using 1a (0.25 mmol), 2a (0.3 mmol),
PdCl,(PPhs), (5 mol%) and Cul (3 mol%) in 2 mL of solvent and
0.6 mL of amine. ”Isolated yields. “ Deduced from 'H NMR analysis.
?Based on isolation. “In 1 mL of solvent.’In 5 mL of solvent.

furylmethyl ether favors to adopt an endo transition state to
undergo the intramolecular [4 + 2] cycloaddition, producing 4aa
as the major intermediate in this reaction sequence (Scheme 2).

With the optimized conditions in hand, the scope of this
reaction was investigated. The results are summarized in
Table 2. The reaction proceeded well with several substituted
propargyl furylmethyl ethers (Table 2, entries 2-4) and
different types of functionalities such as 2-nitro (1b), 4-cyano
(1d), and 4-formyl (1e) in the substrates of 1 (Table 2, entries
5-7), yielding 3 from moderate to excellent yields with good
selectivity. We also tested the reactivity of some substituted
furans. To our delight, when the propargyl furylmethyl ether
incorporated with a 3-methyl substituted furan ring (2e) and
1a were employed as the substrates, 3ae was synthesized with a
decent yield while 3ae’ was contaminated with some unknown
impurities (Table 2, entry 8). However, the reaction of the ether
2f bearing a 2-methyl on the furan ring failed to give any ident-
ifiable product (Table 2, entry 9).

In order to further confirm the structures of the newly syn-
thesized products, 3ab was transformed to its acylated com-
pound 5§ (Scheme 3). The structure of 5 was unambiguously
confirmed by X-ray diffraction analysis (Fig. 1).

§Crystal data for compound 5: C,,H;cBrNOs, MW = 454.27; crystal system:
monoclinic; space group: C2/c; final R indices (I > 20(I)) R; = 0.0381, WR, =
0.0841, R indices (all data) R, = 0.0573, wR, = 0.0931; a = 18.9332(7) A, b =
7.6655(2) A, ¢ = 27.1733(11) A; a = 90°, # = 90.302°, y = 90°, V = 3943.7(2) A%, T =
293(2) K, Z = 8; reflections collected/unique: 13 830/3605 (R(int) = 0.0284);
number of observations (I > 26(I)): 2774; parameters: 263. Supplementary crystal-
lographic data have been deposited at the Cambridge Crystallographic Data
Centre, CCDC 902935.

This journal is © The Royal Society of Chemistry 2013

5 mol% PdCly(PPhg),
3 mol% Cul

3R
/ X
<
=
i-Pr,NH, PhMe, 65 °C
X / o]

1 3 3
vield”  Yield’
Entry EWG X R' R> R’ t(h) (%)of3 (%)of3
1 p-NO, I(1a) H H H((2a) 11 83(3aa) 6 (3aa’)
2 pNO, I(la) pBr H H(2b) 10 60 (3ab) —
3 p-NO, I(la) p-Me H H(2¢) 24 67(3ac) 5 (3ac)
4 p-NO, I(1a) p-OMe H H((2d) 72 55(3ad) 4 (3ad’)
5 0NO, 1(1b) H H H(2a) 55 53(3ba) 14 (3ba’)
6 pCN 1(1d) H H H(2a) 115 46 (3da) 4 (3da)
79 p-CHO Br(1e) H H H((2a) 52 37(3ea) 3(3ea)
8 p-NO, I(1a) H Me H(2¢) 11 71 (3ae) —°
9 pNO, I(1a) H H Me(2f) 48 —° —

“Reactions were carried out using 1 (0.25 mmol), 2 (0.3 mmol),
PdCl,(PPhy), (5 mol%) and Cul (3 mol%) in 1 mL of PhMe and 0.6 mL
of i-Pr,NH. ?Isolated y1e1ds “The pure form of 3ab’ or 3ae’ was not
obtained as judged by "H NMR analysis. ¢ Reaction was carried out at
100 °C with 0.5 mmol of 2a. * A small amount of unidentified mixture
was obtained.
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+ A0 —m————————
rt 1h,83%
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Fig. 1 ORTEP representation of 5.

When we chose 3-iodonitrobenzene 1¢ and 2a as substrates,
only 72% of direct coupling product 6 was obtained
(Scheme 4, eqn (1)). However, with the extra addition of ¢-
BuOK, this compound was again transformed into the final
bicyclic products 3ca and 3ca’ (Scheme 4, eqn (2)).

We also tested other iodobenzenes bearing electron-with-
drawing or electron-donating substituents with this newly
established two-step protocol, and the yields of the corres-
ponding bicyclic products ranged from 62% to 77% (Table 3,
entries 2-6). In the case of methyl 4-iodobenzoate (1j), the
reaction failed to give any identifiable product under the
same conditions. However, when t-BuOK was added at —15 °C
after the first step coupling reaction at room temperature, the
reaction gave 3ja and 3ja’ in decent yields. Notably, when
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Scheme 4 Palladium-catalyzed reaction of m-nitrophenyl iodide 1¢ with 2a.

Table 3 Palladium-catalyzed step-wise reaction between aryl halides 1 and
propargylic furylmethyl ether 2a with t-BuOK?

1
X =
i o}

1) 5 mol% PdCly(PPhs),, 3 mol% Cul
i-Pr,NH, PhMe, 25 °C, 20 min

2) +-BuOK, 25 °C, 20 min
Q
//
R2

Entry R' R? Yield” (%) of 3 Yield” (%) of 3'
1 m-NO, (1c) H (2a) 73 (3ca) 10 (3ca’)
2 H (1f) H (2a) 75 (3fa) 9 (3fa’)
3 p-Br(1g) H (2a) 77 (3ga) 12 (3ga’)
4 p-F (1h) H (2a) 73 (3ha) 12 (3ha')
5 p-OMe (1i) H(2a) 62 (3ia) 9 (3ia))
6 p-COOMe (1j) H(2a) 66 (3ja) 12 (3ja)
7 H (1f) Me (2f) 61 (3fb) 9 (3fb’)

“Reactions were carried out using 1 (0.25 mmol), 2 (0.3 mmol),
PdCl,(PPh;), (5 mol%) and Cul (3 mol%) in 2 mL of PhMe and 0.1 mL
of i-Pr,NH, followed by treatment with 0.75 mmol of #+BuOK after
20 min. ?Isolated yields. ¢ -BuOK was added at —15 °C.

iodobenzene 1f and methyl-substituted propargyl furylmethyl
ether 2f were used as substrates, the two-step reaction also pro-
ceeded well to give the corresponding products 3fb and 3fb’ in
good yield and selectivity (Table 3, entry 7).

Conclusion

In conclusion, we developed a novel sequential palladium-cata-
lyzed transformation of aromatic halides and propargylic
2-furylmethyl ethers involving coupling, propargyl-allenyl iso-
merization, intramolecular [4 + 2] cycloaddition, and bridged
oxa-ring opening, affording functionalized dihydroisobenzo-
furans with a respectable diastereoselectivity. Further studies
in this area are being pursued in our laboratory.

Experimental section
General

All reactions were performed under a N, atmosphere.
Anhydrous solvents were distilled prior to use: THF and
toluene were distilled from sodium-benzophenone; MeCN and
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pyridine were distilled from CaH,; EtOH was filtered from
MgSO,. Petroleum ether refers to the fraction with boiling
point in the range 60-90 °C. Unless otherwise specified,
'"H NMR and "*C NMR spectra were measured in CDCl; with
TMS as the internal standard. Chemical shifts are expressed in
ppm and J values are given in Hz.

1. Procedure for the synthesis of furylmethyl propargyl

ether 2a
o NaBH, o PPhs o
l/% MeOH, rt., 2 h \ I CCly, 80°C,1h \ ’

6 7
O\
D S0 O
CHO = wgBr OH NaH 7 S 0. S
@ THF, 45°Crt,12h Et0,rt,0.5h Nal, 25 °C, 24 h
8 2a

(1) Furylmethyl chloride (7). Sodium borohydride (3.8 g,
100 mmol) was added portion-wise to a solution of furfural
(19.2 g, 200 mmol) in methanol (100 mL) at 0 °C. The resulting
mixture was stirred for 2 h at room temperature. The solvent
was evaporated and the residue was dissolved in ether. The
organic layer was washed with water and the aqueous layer was
then extracted with ether twice. The combined organic layer
was dried over MgSO,. The filtrate was concentrated and dis-
tilled at 68-69 °C/3-4 mmHg to give a clear oil of furylmethyl
alcohol 6 (15.819 g, 81%). "H NMR (400 MHz, CDCl,): § 7.39
(s, 1 H), 6.33 (d, J = 1.6 Hz, 1 H), 6.28 (d, J = 2.8 Hz, 1 H), 4.59
(s, 2 H), 2.25 (brs, 1 H).

A mixture of carbon tetrachloride (80 mL), furylmethyl
alcohol (8.22 g, 83.9 mmol) and triphenylphosphine (28.6 g,
109 mmol) was refluxed for 1 h. The mixture was allowed to
cool to room temperature, which was followed by adding
80 mL of anhydrous pentane with stirring. The solution was
filtered, and the precipitate was washed a few times with a
total of 50 mL of anhydrous pentane. The combined filtrate
was then concentrated and distilled at 41.5-42.1 °C/
12-13 mmHg to yield a water-white liquid furylmethyl chloride
7 (3.734 g, 43%). "H NMR (400 MHz, CDCl,): § 7.42 (s, 1 H),
6.37-6.35 (m, 2 H), 4.60 (s, 2 H).

(2) 1-Phenylprop-2-yn-1-ol (8). Several drops of EtBr were
added to a mixture of magnesium turnings (2.76 g, 115 mmol)
and I, (a few crystals) in 120 mL of THF under a nitrogen
atmosphere. Upon the initiation of the Grignard reaction, the
remaining ethyl bromide (8.2 mL, 110 mmol) in 90 mL of THF
was added dropwise, which was followed by stirring at room
temperature for 1 h. A stream of acetylene was bubbled
through the solution at —45 °C for 40 min. Then a solution of
benzaldehyde (10.6 g, 100 mmol) in 20 mL of THF was added
at <—30 °C, which was followed by a natural warming to room
temperature. After 12 h, the reaction mixture was cooled with
an ice bath, quenched with saturated NH,Cl, extracted with
diethyl ether (30 mL x 3), and dried over anhydrous MgSO,.
After filtration, evaporation and flash chromatography on
silica gel (eluent: petroleum ether—ethyl acetate = 6/1) afforded
8 (11.448 g, 87%). '"H NMR (400 MHz, CDCl,): 6 7.56 (d,

This journal is © The Royal Society of Chemistry 2013
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J =7.6 Hz, 2 H), 7.41-7.33 (m, 3 H), 5.47 (s, 1 H), 2.67 (s, 1 H),
2.18 (brs, 1 H).

(3) Furylmethyl propargyl ether (2a). A solution of 8
(2.64 g, 20 mmol) in dry Et,O (5 mL) was added dropwise to a
suspension of NaH (720 mg, 30 mmol) in Et,O (5 mL) at 0 °C
under a nitrogen atmosphere. After being stirred at room
temperature for 0.5 h, furylmethyl chloride (1.672 g,
16 mmol) and Nal (1.2 g, 8 mmol) were added and the
mixture was stirred for 24 h at 25 °C. Water (20 mL) was
added and the product was extracted with Et,O (20 mL x 3).
The combined organic layer was dried over anhydrous
Na,S0O,. After filtration and evaporation, the residue was puri-
fied with flash chromatography on silica gel (eluent: pet-
roleum ether-ethyl acetate = 40/1) to afford 2a (1.526 g, 45%)
as a liquid.

2-((1-Phenylprop-2-ynyloxy)methyl)furan (2a). '"H NMR
(400 MHz, CDCl,): § 7.49 (d, J = 7.2 Hz, 2 H), 7.38 (s, 1 H),
7.34-7.28 (m, 3 H), 6.34-6.31 (m, 2 H), 5.19 (s, 1 H), 4.61 (s,
2 H), 2.65 (d, J = 2.0 Hz, 1 H); >*C NMR (100 MHz, CDCl,): §
150.90, 142.85, 137.65, 128.40, 128.36, 127.32, 110.20, 109.88,
81.05, 7 6.01, 69.86, 61.75; IR (neat): 3290, 3034, 2864, 1498,
1452, 1272, 1223, 1150, 1054, 1010, 921, 817, 744, 698,
661 cm™"; MS(EI) m/z (%): 212 (M", 1), 115 (100); HRMS: calcd
for C,,H,;,0, (M"), 212.0837; found, 212.0830.

Compounds 2b-2f were prepared according to the typical
procedure for the preparation of 2a.

2-((1-(4-Bromophenyl)prop-2-ynyloxy)methyl)furan (2b). 'H
NMR (400 MHz, CDCl;): § 7.49 (d, J = 8.4 Hz, 2 H), 7.42 (m,
1 H), 7.38 (d, J = 8.8 Hz, 2 H), 6.38-6.34 (m, 2 H), 5.16 (d, J =
2.4 Hz, 1 H), 4.63 (s, 2 H), 2.68 (d, J = 2.4 Hz, 1 H); ’C NMR
(100 MHz, CDCl): § 150.84, 143.12, 136.93, 131.63, 129.12,
122.61, 110.36, 110.17, 80.66, 76.38, 69.30, 62.00; IR (neat):
3291, 1591, 1486, 1399, 1358, 1291, 1224, 1149, 1051, 1010,
919, 884, 814, 739, 670, 642 cm ; MS(EI) m/z (%): 292
M*(®'Br), 1], 290 ["°M*("°Br), 1], 81 (100); HRMS: caled for
C14H1,BrO, [M*("°Br)], 289.9942; found, 289.9930.

2-((1-p-Tolylprop-2-ynyloxy)methyl)furan (2¢). '"H NMR
(400 MHz, CDCl,): § 7.38 (d, J = 6.8 Hz, 3 H), 7.15 (d, J =
8.4 Hz, 2 H), 6.35-6.32 (m, 2 H), 5.17 (s, 1 H), 4.60 (s, 2 H),
2.64 (m, 1 H), 2.32 (s, 3 H); *C NMR (100 MHz, CDCl,):
5 151.13, 142.96, 138.41, 134.84, 129.20, 127.44, 110.29,
109.93, 81.37, 75.79, 69.84, 61.73, 21.17; IR (neat): 3288, 2920,
1513, 1443, 1358, 1301, 1269, 1224, 1180, 1150, 1047, 1015,
920, 885, 810, 778, 738, 639 cm™*; MS(EI) m/z (%): 226 (M", 1),
129 (100); HRMS: caled for C;5H;,0, (M'), 226.0994; found,
226.0993.

2-((1-(4-Methoxyphenyl)prop-2-ynyloxy)methyl)furan (2d). 'H
NMR (400 MHz, CDCl;): § 7.44-7.41 (m, 3 H), 6.88 (d, J = 8.8
Hz, 2 H), 6.35-6.34 (m, 2 H), 5.16 (d, J = 2.4 Hz, 1 H), 4.60 (s,
2 H), 3.78 (s, 3 H), 2.67 (d, J = 2.0 Hz, 1 H); *C NMR (100 MHz,
CDCl;): 6 159.78, 151.12, 142.92, 129.94, 128.87, 113.84,
110.26, 109.87, 81.35, 75.78, 69.56, 61.64, 55.23; IR (neat):
3286, 2838, 1611, 1587, 1511, 1463, 1304, 1246, 1174, 1149,
1111, 1033, 920, 885, 816, 781, 740, 637 cm™'; MS(EI) m/z (%):
242 (M, 8), 145 (100); HRMS: caled for C;5H;,0; (M),
242.0943; found, 242.0948.

This journal is © The Royal Society of Chemistry 2013
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3-Methyl-2-((1-phenylprop-2-ynyloxy)methyl)furan  (2e). 'H
NMR (400 MHz, CDCly): § 7.52-7.50 (m, 2 H), 7.38-7.25 (m,
4 H), 6.21 (d,J=1.6 Hz, 1 H), 5.18 (d, J = 2.0 Hz, 1 H), 4.61 (dd,
J1=16.4 Hz, J, = 12.8 Hz, 2 H), 2.68 (d, J = 2.0 Hz, 1 H), 2.05 (s,
3 H); C NMR (100 MHz, CDCl;): § 146.50, 142.03, 137.89,
128.48, 127.42, 119.79, 112.91, 81.38, 75.83, 69.71, 59.88, 9.81;
IR (neat): 3286, 2926, 2115, 1722, 1563, 1494, 1453, 1269, 1156,
1121, 1048, 1005, 892, 846, 739, 697, 649 cm™*; MS(EI) m/z (%):
226 (M', 6), 115 (100), 95 (100); HRMS: calcd for C;5H;,0,
(M), 226.0994; found, 226.0999.

2-Methyl-5-((1-phenylprop-2-ynyloxy)methyl)Jfuran  (2f). 'H
NMR (400 MHz, CDCl;): § 7.52 (d, J = 6.4 Hz, 2 H), 7.39-7.32
(m, 3 H), 6.25 (d, J = 2.8 Hz, 1 H), 5.93 (s, 1 H), 5.22 (s, 1 H),
4.57 (s, 2 H), 2.67 (d, J = 1.2 Hz, 1 H), 2.29 (s, 3 H); *C NMR
(100 MHz, CDCl3): § 152.91, 149.07, 137.85, 128.49, 127.48,
111.14, 106.25, 81.29, 75.91, 69.74, 62.02, 13.66; IR (neat):
3287, 3064, 3033, 2922, 2860, 2114, 1606, 1563, 1493, 1451,
1386, 1359, 1306, 1267, 1221, 1196, 1049, 1021, 925, 845, 789,
753, 697, 650 cm™'; MS(EI) m/z (%): 226 (M™, 3), 115 (100), 95
(95); HRMS: caled for C;5H;,0, (M), 226.0994; found,
226.0998.

2. General procedure for the synthesis of 3 and 3’ in Table 2

An oven-dried Schlenk tube containing a Teflon-coated stirring
bar was charged with PdCl,(PPh;), (9 mg, 5 mol%) and Cul
(1 mg, 3 mol%). The Schlenk tube was sealed, and evacuated-
backfilled with N, (3 cycles). A solution of aryl iodide 1
(0.25 mmol) and furylmethyl ether 2 (0.3 mmol) in 1 mL of
toluene and 0.6 mL of i-Pr,NH was subsequently injected to
the Schlenk tube. The reaction mixture was stirred at 65 °C for
the time specified in Table 2. After removal of the solvent
in vacuo, the residues were purified with flash chromatography
on silica gel to afford 3 and 3'.

(1) Preparation of (4R*,5R*)-4-(4-nitrophenyl)-3-phenyl-4,5-
dihydroisobenzofuran-5-ol (3aa) and (4R*,55*)-4-(4-nitrophe-
nyl)-3-phenyl-4,5-dihydroisobenzofuran-5-ol (3aa’). The reac-
tion of PACl,(PPh;), (9 mg, 5 mol%), Cul (1 mg, 3 mol%), 1a
(62 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 1 mL of
toluene and 0.6 mL of i-Pr,NH afforded 3aa (69 mg, 83%) and
3aa’ (5 mg, 6%) (eluent: petroleum ether—ethyl acetate = 3.5/1)
as a liquid:

3aa "H NMR (400 MHz, CDCl,): § 8.09 (d, J = 8.4 Hz, 2 H),
7.59 (s, 1 H), 7.38 (d, J = 7.6 Hz, 2 H), 7.33-7.25 (m, 4 H),
7.23-7.20 (m, 1 H), 6.75 (d, J = 9.6 Hz, 1 H), 5.93 (dd, J, =
9.6 Hz, J, = 5.2 Hz, 1 H), 4.65 (d, ] = 1.2 Hz, 1 H), 4.35 (d, ] =
4.0 Hz, 1 H), 2.12 (brs, 1 H); *C NMR (100 MHz, CDCl):
5 150.43, 147.80, 146.86, 137.33, 130.10, 128.86, 128.60,
127.72, 125.73, 124.92, 123.89, 121.99, 121.76, 114.07, 70.68,
45.62; IR (neat): 3369, 1597, 1514, 1491, 1444, 1390, 1344,
1108, 1053, 1006, 952, 902, 836, 791, 766, 690, 631 cm™'; MS
(ED) m/z (%): 333 (M', 100), 105 (87); HRMS: caled for
CaoHy5NO, (MY), 333.1001; found, 333.1007.

3aa’ "H NMR (400 MHz, CDCL,): 6 8.13 (d, J = 8.8 Hz, 2 H),
7.51 (s, 1 H), 7.41 (d, J = 8.8 Hz, 2 H), 7.37 (d, J = 7.6, 2 H), 7.30
(t, /= 7.6 Hz, 2 H), 7.25-7.21 (m, 1 H), 6.56 (dd, J; = 10.0 Hz,
J» = 2.8 Hz, 1 H), 5.61 (dd, J, = 10.0 Hz, J, = 1.6 Hz, 1 H), 4.96
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(m, 1 H), 4.59 (d, J = 6.8, 1 H), 1.67-1.61 (m, 1 H); *C NMR
(100 MHz, CDCl,): § 148.96, 147.15, 145.43, 136.92, 130.81,
130.18, 128.67, 127.78, 125.03, 123.37, 122.68, 119.08, 116.36,
70.61, 43.13; IR (neat): 3433, 2918, 1703, 1595, 1513, 1492,
1445, 1344, 1222, 1182, 1129, 1109, 1071, 1050, 946, 908, 854,
814, 786, 767, 731, 692, 664, 621 cm™'; MS(EI) m/z (%): 333
(M", 3), 84 (100); HRMS: caled for C,,H;5sNO4 (M), 333.1001;
found, 333.1002.

(2) Preparation of (4R*,5R*)-3-(4-bromophenyl)-4-(4-nitro-
phenyl)-4,5-dihydroisobenzofuran-5-ol (3ab) and (4R*,55*)-3-
(4-bromophenyl)-4-(4-nitrophenyl)-4,5-dihydroisobenzofuran-
5-o0l (3ab’). The reaction of PdCl,(PPh;), (9 mg, 5 mol%), Cul
(2 mg, 4 mol%), 1a (62 mg, 0.25 mmol) and 2b (87 mg,
0.3 mmol) in 1 mL of toluene and 0.6 mL of i-Pr,NH afforded
3ab (62 mg, 60%) (eluent: petroleum ether-ethyl acetate = 4/1)
as a liquid; 3ab’ was contaminated with some unknown impu-
rities and thus not characterized.

3ab 'H NMR (400 MHz, CDCl3): § 8.11 (d, J = 8.4 Hz, 2 H),
7.60 (s, 1 H), 7.42 (d, J = 8.4 Hz, 2 H), 7.32 (d, J = 8.8, 2 H),
7.26-7.24 (m, 2 H), 6.77 (d, J = 10.0 Hz, 1 H), 5.96 (dd, J, =
9.6 Hz, ], = 5.2 Hz, 1 H), 4.62 (d, J = 1.2 Hz, 1 H), 4.37 (dd, J; =
5.6 Hz, J, = 2.0 Hz, 1 H), 1.87 (brs, 1 H); ">*C NMR (100 MHz,
CDCly): & 149.48, 147.41, 147.02, 137.65, 131.84, 129.02,
128.83, 126.35, 125.88, 124.03, 121.98, 121.90, 121.78, 114.76,
70.65, 45.63; IR (neat): 3433, 2918, 1595, 1513, 1492, 1445,
1344, 1222, 1182, 1129, 1109, 1071, 1050, 946, 908, 854, 814,
786, 767, 731, 692, 664, 621 cm ; MS(EI) m/z (%): 413
[M*(*'Br), 4], 411 [M*("Br), 4], 57 (100); HRMS: caled for
C,0H14NO,Br [M*("°Br)], 411.0106; found, 411.0107.

(3) Preparation of (4R*,5R*)-4-(4-nitrophenyl)-3-p-tolyl-4,5-
dihydroisobenzofuran-5-ol (3ac) and (4R*,55*)-4-(4-nitrophe-
nyl)-3-p-tolyl-4,5-dihydroisobenzofuran-5-ol (3ac’). The reac-
tion of PACl,(PPh;), (9 mg, 5 mol%), Cul (1 mg, 3 mol%), 1a
(62 mg, 0.25 mmol) and 2¢ (68 mg, 0.3 mmol) in 1 mL of
toluene and 0.6 mL of i-Pr,NH afforded 3ac (58 mg, 67%) and
3ac’ (4 mg, 5%) (eluent: petroleum ether—ethyl acetate = 4/1) as
a liquid:

3ac 'H NMR (400 MHz, CDCL,): § 8.09 (d, J = 8.4 Hz, 2 H),
7.56 (s, 1 H), 7.33-7.25 (m, 4 H), 7.09 (d, J = 8.0 Hz, 2 H), 6.75
(d,] = 9.2 Hz, 1 H), 5.93 (dd, J;, = 9.6 Hz, ], = 5.6 Hz, 1 H), 4.64
(d,J=1.2 Hz, 1 H), 4.34 (dd, J; = 5.6 Hz, J, = 2.0 Hz, 1 H), 2.29
(s, 3 H), 2.03 (brs, 1 H); *C NMR (100 MHz, CDCl5): § 150.69,
147.95, 146.84, 137.71, 137.02, 129.30, 128.85, 127.39, 125.65,
124.87, 123.87, 122.06, 121.69, 113.27, 70.70, 45.65, 21.15; IR
(neat): 3391, 2876, 1597, 1514, 1491, 1444, 1390, 1344, 1108,
1053, 1006, 952, 902, 836, 791, 766, 690, 631 cm™"; MS(EI) m/z
(%): 347 (M, 96), 119 (100), 84 (83); HRMS: caled for
C,1H,NO,4 (M"), 347.1158; found, 347.1151.

3ac’ "H NMR (400 MHz, CDCl): § 8.13 (d, J = 8.0 Hz, 2 H),
7.49 (s, 1 H), 7.41 (d, J = 8.4 Hz, 2 H), 7.27 (d, ] = 6.8, 2 H), 7.11
(d, J = 7.6 Hz, 2 H), 6.57 (dd, J; = 10.4 Hz, J, = 1.6 Hz, 1 H),
5.60 (d, J = 10.0 Hz, 1 H), 4.97 (d, ] = 5.6 Hz, 1 H), 4.58 (d, ] =
7.6 Hz, 1 H), 2.31 (s, 3 H), 1.57 (brs, 1 H); *C NMR (100 MHz,
CDCl3): & 149.23, 147.18, 145.55, 137.80, 136.62, 130.80,
130.68, 129.38, 127.46, 124.98, 123.38, 122.61, 119.19, 115.62,
70.65, 43.16, 21.20; IR (neat): 3398, 2920, 1702, 1602, 1513,
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1343, 1223, 1183, 1126, 1110, 1080, 1052, 1016, 946, 909, 854,
815, 784, 749, 710, 695, 666, 627 cm ; MS(EI) m/z (%): 347
(M", 26), 59 (100); HRMS: caled for C,,H;,NO, (M), 347.1158;
found, 347.1164.

(4) Preparation of (4R*,5R*)-3-(4-methoxyphenyl)-4-(4-
nitrophenyl)-4,5-dihydroisobenzo-furan-5-ol (3ad) and (4R*,558*)-
3-(4-methoxyphenyl)-4-(4-nitrophenyl)-4,5-dihydroisobenzo-
furan-5-ol (3ad’). The reaction of PdCl,(PPh;), (9 mg, 5 mol%),
Cul (2 mg, 4 mol%), 1a (62 mg, 0.25 mmol) and 2d (73 mg,
0.3 mmol) in 1 mL of toluene and 0.6 mL of i-Pr,NH afforded
3ad (50 mg, 55%) and 3ad' (4 mg, 4%) (eluent: petroleum
ether—ethyl acetate = 4/1) as a liquid:

3ad "H NMR (400 MHz, CDCl;): 6 8.06 (d, J = 8.0 Hz, 2 H),
7.52 (s, 1 H), 7.29 (d, J = 7.6 Hz, 2 H), 6.80 (d, J = 8.4 Hz, 2 H),
6.72 (d, J = 10.0 Hz, 1 H), 5.88 (dd, J; = 9.2 Hz, J, = 5.2 Hz,
1 H), 4.59 (s, 1 H), 4.31 (d, J = 3.6, 1 H), 3.74, (s, 3 H), 2.43 (s,
1 H); *C NMR (100 MHz, CDCl,): § 158.98, 150.34, 148.01,
146.67, 136.65, 128.78, 126.27, 125.50, 123.79, 122.94, 121.96,
121.61, 113.97, 112.35, 70.59, 55.11, 45.49; IR (neat): 3417,
2908, 1600, 1510, 1461, 1346, 1301, 1250, 1178, 1111, 1060,
1026, 954, 904, 831, 790, 733, 699, 622 cm™'; MS(EI) m/z (%):
363 (M", 60), 135 (100), 84 (98); HRMS: calcd for C,,H,,NO;
(M"), 363.1107; found, 363.1104.

3ad’ '"H NMR (400 MHz, CDCl;): § 8.13 (d, J = 8.4 Hz, 2 H),
7.47 (s, 1 H), 7.41 (d, J = 8.4 Hz, 2 H), 7.29 (d, J = 8.8 Hz, 2 H),
6.84 (d, J = 8.8 Hz, 2 H), 6.56 (dd, J; = 10.4 Hz, ], = 2.8 Hz,
1 H), 5.60 (dd, J; = 9.6 Hz, J, = 1.6 Hz, 1 H), 4.96 (m, 1 H), 4.55
(d, J = 7.2 Hz, 1 H), 3.78 (s, 3 H), 1.59 (brs, 1 H); *C NMR
(100 MHz, CDCl,): § 159.23, 149.07, 147.13, 145.71, 136.35,
130.78, 130.56, 126.49, 123.36, 123.08, 122.56, 119.21, 114.72,
114.14, 70.51, 55.27, 43.09; IR (neat): 3398, 2920, 1702, 1602,
1513, 1343, 1223, 1183, 1126, 1110, 1080, 1052, 1016, 946, 909,
854, 815, 784, 749, 710, 695, 666, 627 cm™'; MS(EL) m/z (%):
363 (M, 44), 84 (100); HRMS: caled for C, H;,NO; (M),
363.1107; found, 363.1111.

(5) Preparation of (4R*,5R*)-4-(2-nitrophenyl)-3-phenyl-4,5-
dihydroisobenzofuran-5-ol (3ba) and (4R*,55*)-4-(2-nitrophe-
nyl)-3-phenyl-4,5-dihydroisobenzofuran-5-ol (3ba’). The reac-
tion of PACl,(PPh;), (9 mg, 5 mol%), Cul (1 mg, 3 mol%), 1b
(62 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 1 mL of
toluene and 0.6 mL of i-Pr,NH afforded 3ba (44 mg, 53%) and
3ba’ (12 mg, 14%) (eluent: petroleum ether-ethyl acetate = 4/1)
as a liquid:

3ba 'H NMR (400 MHz, CDCl,): § 7.90 (dd, J; = 8.0 Hz, J, =
2.0 Hz, 1 H), 7.57 (s, 1 H), 7.37-7.31 (m, 4 H), 7.26 (t, ] = 8.0 Hz,
2 H), 7.20-7.16 (m, 1 H), 7.05-7.02 (m, 1 H), 6.78 (d, J = 9.6 Hz,
1 H), 5.93 (dd, J; = 10.0 Hz, J, = 5.6 Hz, 1 H), 5.11 (d, J = 2.0 Hz,
1 H), 4.49 (d, J = 4.0 Hz, 1 H), 2.22 (brs, 1 H); *C NMR
(100 MHz, CDCl3): § 149.96, 149.34, 137.05, 134.65, 133.00,
130.20, 130.06, 128.54, 127.92, 127.56, 125.95, 124.79, 124.55,
122.37, 121.66, 114.64, 69.76, 40.90; IR (neat): 3401, 2922, 1600,
1522, 1492, 1444, 1350, 1261, 1127, 1004, 952, 908, 855, 766,
734, 691, 641, 614 cm™*; MS(EI) m/z (%): 333 (M, 13), 105 (100);
HRMS: caled for C,oH;5NO, (M'), 333.1001; found, 333.1008.

3ba’ "H NMR (400 MHz, CDCly): § 7.84-7.82 (m, 1 H), 7.50
(s, 1 H), 7.44-7.40 (m, 3 H), 7.37-7.29 (m, 3 H), 7.35-7.19 (m,
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2 H), 6.55 (dd, J; = 10.0 Hz, J, = 2.8 Hz, 1 H), 5.63 (dd, J, =
10.0 Hz, J, = 1.6 Hz, 1 H), 5.39 (d, J = 8.4 Hz, 1 H), 5.06 (dt, J, =
8.0 Hz, J, = 2.4 Hz, 1 H), 2.88 (brs, 1 H); *C NMR (100 MHz,
CDCl;): 6 151.15, 149.01, 136.56, 132.69, 132.58, 131.57,
130.39, 130.03, 128.68, 127.80, 127.70, 124.85, 124.05, 123.16,
118.34, 116.00, 70.43, 36.53; IR (neat): 3378, 2962, 2922, 1596,
1524, 1493, 1444, 1357, 1260, 1219, 1130, 1067, 1051, 1037,
947, 908, 885, 859, 774, 747, 721, 686, 666, 615 cm™*; MS(EI)
m/z (%): 333 (M, 13), 105 (100); HRMS: calcd for C,,H;5NO,
(M"), 333.1001; found, 333.0999.

(6) Preparation of 4-((4R*,5R*)-5-hydroxy-3-phenyl-4,5-dihy-
droisobenzofuran-4-yl)benzonitrile (3da) and 4-((4R*,55*)-5-
hydroxy-3-phenyl-4,5-dihydroisobenzofuran-4-yl)benzonitrile
(3da’). The reaction of PdCl,(PPh;), (9 mg, 5 mol%), Cul
(1 mg, 3 mol%), 1d (57 mg, 0.25 mmol) and 2a (64 mg,
0.3 mmol) in 1 mL of toluene and 0.6 mL of i-Pr,NH afforded
3da (36 mg, 46%) and 3da’ (3 mg, 4%) (eluent: petroleum
ether-ether = 2/1) as a liquid:

3da '"H NMR (400 MHz, CDCl,): § 7.57 (s, 1 H), 7.52 (d, J =
8.4 Hz, 2 H), 7.39-7.36 (m, 2 H), 7.30-7.20 (m, 5 H), 6.73 (d, ] =
9.6 Hz, 1 H), 5.92 (dd, J, = 9.6 Hz, ], = 5.6 Hz, 1 H), 4.59 (d, J =
2.0 Hz, 1 H), 4.32 (s, 1 H), 2.14 (s, 1 H); *C NMR (100 MHz,
CDCLy): & 150.44, 145.76, 137.27, 132.50, 130.17, 128.80,
128.59, 127.69, 125.87, 124.98, 121.96, 121.85, 118.66, 114.08,
110.85, 70.79, 45.85; IR (neat): 3400, 2922, 2228, 1764, 1703,
1606, 1492, 1447, 1412, 1362, 1223, 1129, 1017, 905, 824, 792,
763, 694, 637 cm™; MS(EI) m/z (%): 313 (M", 98), 105 (86), 58
(100); HRMS: caled for C,;H;5NO, (M'), 313.1103; found,
313.1108.

3da’ '"H NMR (400 MHz, CDCl): & 7.58 (d, J = 8.4 Hz, 2 H),
7.50 (s, 1 H), 7.38-7.24 (m, 7 H), 6.55 (dd, J; = 10.0 Hz, J, =
2.8 Hz, 1 H), 5.61 (d, J = 10.0 Hz, 1 H), 4.94 (t, ] = 7.6 Hz, 1 H),
4.53 (d, J = 7.2 Hz, 1 H), 1.58 (s, 1 H); *C NMR (100 MHz,
CDCly): & 148.92, 143.25, 136.84, 132.04, 130.86, 130.74,
130.23, 128.65, 127.75, 125.04, 122.76, 119.05, 118.74, 116.41,
111.16, 70.60, 43.34; IR (neat): 3433, 2925, 2227, 1702, 1606,
1492, 1446, 1364, 1222, 1179, 1130, 1072, 1051, 1024, 946, 909,
838, 794, 767, 732, 692, 648, 614 cm™'; MS(EI) m/z (%): 313
(M", 24), 59 (100), 84 (82); HRMS: calcd for C,;H;;NO, (M"),
313.1103; found, 313.1103.

(7) Preparation of 4-((4R*,5R*)-5-hydroxy-3-phenyl-4,5-dihy-
droisobenzofuran-4-yl)benzaldehyde (3ea) and 4-((4R*,55*)-5-
hydroxy-3-phenyl-4,5-dihydroisobenzofuran-4-yl)benzaldehyde
(3ea’). The reaction of PdCl,(PPh;s), (9 mg, 5 mol%), Cul
(2 mg, 4 mol%), 1e (46 mg, 0.25 mmol) and 2a (106 mg,
0.5 mmol) in 1 mL of toluene and 0.6 mL of i-Pr,NH at 100 °C
afforded 3ea (29 mg, 37%) and 3ea’ (2 mg, 3%) (eluent: pet-
roleum ether-ether = 2/1) as a liquid:

3ea 'H NMR (400 MHz, CDCl;): § 9.93 (s, 1 H), 7.77 (d, J =
8.0 Hz, 2 H), 7.59 (s, 1 H), 7.40 (d, J = 8.0 Hz, 2 H), 7.35 (d, J =
8.0 Hz, 2 H), 7.28 (t, J = 8.0 Hz, 2 H), 7.22-7.19 (m, 1 H), 6.76
(d, J = 10.0 Hz, 1 H), 5.96 (dd, J; = 9.6 Hz, ], = 5.6 Hz, 1 H),
4.63 (d, J = 1.2 Hz, 1 H), 4.40-4.38 (m, 1 H), 2.03 (brs, 1 H); **C
NMR (100 MHz, CDCl;): § 191.83, 150.39, 147.29, 137.22,
135.21, 130.24, 130.21, 128.70, 128.58, 127.60, 125.99, 124.98,
121.98, 121.93, 114.41, 70.85, 45.97; IR (neat): 3426, 1697,

This journal is © The Royal Society of Chemistry 2013

View Article Online

1604, 1575, 1493, 1446, 1412, 1390, 1306, 1245, 1212, 1170,
1128, 1007, 951, 908, 811, 769, 733, 692, 649, 635 cm™~*; MS(EI)
mlz (%): 316 (M', 18), 84 (53), 43 (100); HRMS: calcd for
C,1H;605 (M"), 316.1099; found, 316.1107.

3ea’ 'H NMR (400 MHz, CDCl,): 6 9.97 (s, 1 H), 7.81 (d, J =
8.4 Hz, 2 H), 7.51 (s, 1 H), 7.44 (d, J = 8.4 Hz, 2 H), 7.40-7.38
(m, 2 H), 7.32-7.28 (m, 2 H), 7.25-7.23 (m, 1 H), 6.57 (dd, J; =
9.6 Hz, J, = 2.8 Hz, 1 H), 5.63 (dd, J, = 10.0 Hz, J, = 2.0 Hz,
1 H), 4.95 (d, J = 7.2 Hz, 1 H), 4.57 (d, ] = 7.6 Hz, 1 H), 1.57 (s,
1 H); *C NMR (100 MHz, CDCl3): § 191.92, 148.81, 144.70,
136.74, 135.44, 131.06, 130.65, 130.30, 129.77, 128.63, 127.64,
125.02, 122.84, 119.00, 116.77, 70.70, 43.39; IR (neat): 3432,
2849, 1698, 1605, 1574, 1492, 1446, 1390, 1306, 1264, 1212,
1171, 1129, 1072, 1051, 946, 910, 835, 801, 782, 768, 734, 693,
664, 614 cm™"; MS(EI) m/z (%): 316 (M", 11), 43 (100); HRMS:
caled for C,1H;40; (M), 316.1099; found, 316.1096.

(8) Preparation of (4R*,5R*)-7-methyl-4-(4-nitrophenyl)-3-
phenyl-4,5-dihydroisobenzofuran-5-ol (3ae) and (4R*,5S8*)-7-
methyl-4-(4-nitrophenyl)-3-phenyl-4,5-dihydroisobenzofuran-5-
ol (3ae’). The reaction of PdCl,(PPh;), (11 mg, 5 mol%), Cul
(2 mg, 3 mol%), 1a (75 mg, 0.3 mmol) and 2e (81 mg,
0.36 mmol) in 1 mL of toluene and 0.6 mL of i-Pr,NH afforded
3ae (74 mg, 71%) (eluent: petroleum ether—ethyl acetate = 6/1)
as a liquid. 3ae’ was contaminated with some unknown impu-
rities and thus not characterized.

3ae '"H NMR (400 MHz, CDCl,): 6 8.11-8.07 (m, 2 H), 7.61
(s, 1 H), 7.41-7.38 (m, 2 H), 7.31-7.27 (m, 4 H), 7.25-7.19 (m,
1 H), 5.65 (dd, J; = 5.6 Hz, J, = 1.6 Hz, 1 H), 4.61 (d, J = 2.0 Hz,
1 H), 4.33 (dd, J, = 5.6 Hz, J, = 1.6 Hz, 1 H), 2.09 (d, / = 1.6 Hz,
3 H), 2.01 (brs, 1 H); *C NMR (100 MHz, CDCl;): § 150.48,
148.02, 146.83, 136.46, 131.14, 130.26, 128.81, 128.60, 127.66,
124.85, 124.65, 123.87, 121.71, 114.44, 71.45, 45.53, 18.91; IR
(neat): 3443, 2928, 1594, 1514, 1492, 1445, 1345, 1224, 1131,
1106, 1052, 1020, 982, 935, 834, 768, 739, 696, 670, 636 cm™;
MS(EI) m/z (%): 347 (M, 88), 105 (100); HRMS: caled for
C,H,,NO, (M), 347.1158; found, 347.1151.

3. General procedure for the synthesis of 3 and 3’ in Table 3

An oven-dried Schlenk tube containing a Teflon-coated stirring
bar was charged with PdCl,(PPh;), (9 mg, 5 mol%) and Cul
(1 mg, 3 mol%). The Schlenk tube was sealed and then evacu-
ated-backfilled with N, (3 cycles). A solution of aryl iodide 1
(0.25 mmol) and furylmethyl ether 2 (0.3 mmol) in 2 mL of
toluene and 0.1 mL of i-Pr,NH was subsequently injected to
the Schlenk tube. The reaction mixture was stirred at room
temperature for 20 min followed by the addition of #-BuOK
(84 mg, 0.75 mmol). After another 20 min, the reaction was
quenched by H,O (15 mL) and the mixture was extracted with
ether (10 mL x 3). The combined organic layer was dried over
anhydrous Na,SO,. After filtration and evaporation, the
residue was purified with flash chromatography on silica gel to
afford 3 and 3'.

(1) Preparation of (4R*,5R*)-4-(3-nitrophenyl)-3-phenyl-4,5-
dihydroisobenzofuran-5-ol (3ca) and (4R*,55*)-4-(3-nitrophe-
nyl)-3-phenyl-4,5-dihydroisobenzofuran-5-ol (3ca’). The reac-
tion of PdCl,(PPh;), (9 mg, 5 mol%), Cul (1 mg, 3 mol%), 1c
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(62 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 2 mL of
toluene and 0.1 mL of i-Pr,NH followed by the addition of
t-BuOK (84 mg, 0.75 mmol) at room temperature afforded 3ca
(61 mg, 73%) and 3ca’ (8 mg, 10%) (eluent: petroleum ether-
ethyl acetate = 4/1) as a liquid:

3ca 'H NMR (400 MHz, CDCl): § 8.05 (t, J = 8.0 Hz, 2 H),
7.61 (s, 1 H), 7.52 (d, J = 7.6 Hz, 1 H), 7.45-7.39 (m, 3 H), 7.30
(t,J = 7.4 Hz, 2 H), 7.26-7.20 (m, 1 H), 6.79 (d, J = 10.0 Hz, 1 H),
5.95 (dd, J; = 9.6 Hz, J, = 5.6 Hz, 1 H), 4.67 (d, J = 1.6 Hz, 1 H),
437 (s, 1 H), 1.96 (d, J = 5.2 Hz, 1 H); *C NMR (100 MHz,
CDCl,): § 150.39, 148.46, 142.37, 137.45, 134.24, 130.14, 129.63,
128.62, 127.70, 125.66, 124.96, 122.95, 122.18, 122.14, 121.74,
114.00, 70.88, 45.35; IR (neat): 3429, 2909, 1597, 1524, 1444,
1402, 1351, 1260, 1129, 1082, 1006, 929, 866, 830, 797, 768, 733,
688, 641 cm™'; MS(EL) m/z (%): 333 (M*, 64), 105 (100); HRMS:
caled for C,0H;5NO, (M), 333.1001; found, 333.1002.

3ca’ "H NMR (400 MHz, CDCl;): § 8.12-8.10 (m, 2 H), 7.59
(d,J=7.8 Hz, 1 H), 7.53 (s, 1 H), 7.47 (t,J = 8.2, 1 H), 7.40-7.38
(m, 2 H), 7.31 (t,J = 7.6 Hz, 2 H), 7.26-7.24 (m, 2 H), 6.60 (dd,
Ji = 10.0 Hz, J, = 3.2 Hz,, 1 H), 5.62 (dd, J; = 10.0 Hz, J, =
2.0 Hz, 1 H), 4.97 (t, ] = 7.2 Hz, 1 H), 4.60 (d, J = 7.6 Hz, 1 H),
1.58 (s, 1 H); *C NMR (100 MHz, CDCl;): § 148.84, 148.23,
139.74, 137.00, 136.14, 130.67, 130.21, 129.11, 128.69, 127.75,
125.01, 124.80, 12.69, 122.38, 199.22, 116.34, 70.52, 42.91; IR
(neat): 3396, 2967, 1594, 1526, 1492, 1446, 1347, 1130, 1074,
1052, 1026, 948, 879, 855, 802, 767, 739, 690, 622 cm™*; MS(EI)
mlz (%): 333 (M', 51), 44 (100), 105 (75); HRMS: calcd for
C,0H;5NO, (M), 333.1001; found, 333.1003.

(2) Preparation of (4R*,5R*)-3,4-diphenyl-4,5-dihydro-iso-
benzofuran-5-ol (3fa) and (4R*,55*)-3,4-diphenyl-4,5-dihydro-
isobenzofuran-5-ol (3fa’). The reaction of PdCl,(PPh;), (9 mg,
5 mol%), Cul (1 mg, 3 mol%), 1f (51 mg, 0.25 mmol) and 2a
(64 mg, 0.3 mmol) in 2 mL of toluene and 0.1 mL of i-Pr,NH
followed by the addition of #BuOK (84 mg, 0.75 mmol) at
room temperature afforded 3fa (54 mg, 75%) and 3fa’ (7 mg,
10%) (eluent: petroleum ether—ether = 4/1) as a liquid:

3fa 'H NMR (400 MHz, CDCl,): § 7.55 (d, J = 1.2 Hz, 1 H),
7.44 (d,J = 8.0 Hz, 2 H), 7.29-7.23 (m, 4 H), 7.20-7.17 (m, 4 H),
6.73 (dd, J; = 10.0 Hz, J, = 1.2 Hz, 1 H), 5.98-5.94 (m, 1 H),
4.54 (s, 1 H), 4.39 (s, 1 H), 1.82 (s, 1 H); "*C NMR (100 MHz,
CDCl3): § 150.16, 140.15, 136.90, 130.55, 128.67, 128.47,
127.99, 127.30, 126.89, 126.45, 125.08, 122.25, 121.69, 115.43,
71.32, 45.82; IR (neat): 3394, 1597, 1492, 1448, 1371, 1244,
1129, 1001, 875, 848, 763, 735, 695 cm™'; MS(EI) m/z (%): 288
(M", 100), 105 (89); HRMS: caled for C,oH;60, (M), 288.1150;
found, 288.1151.

3fa’ "H NMR (400 MHz, CDCl;): § 7.44 (t, ] = 8.4 Hz, 3 H),
7.33-7.19 (m, 8 H), 6.52 (dd, J; = 10.4 Hz, J, = 2.8 Hz, 1 H),
5.62 (d,J = 9.6 Hz, 1 H), 4.87 (m, 1 H), 4.47 (d,J = 7.6 Hz, 1 H),
1.55 (brs, 1 H); *C NMR (100 MHz, CDCl;): § 148.46, 136.98,
136.35, 131.74, 130.58, 129.93, 128.58, 128.52, 127.45, 127.33,
125.04, 123.11, 118.60, 117.80, 70.64, 43.13; IR (neat): 3395,
3058, 1597, 1492, 1447, 1366, 1263, 1129, 1048, 946, 909, 865,
822, 764, 735, 694, 617 cm™"; MS(EI) m/z (%): 288 (M*, 76), 43
(100), 105 (87); HRMS: caled for C,oH;60, (M), 288.1150;
found, 288.1145.
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(3) Preparation of (4R*,5R*)-5-methyl-3,4-diphenyl-4,5-
dihydroisobenzofuran-5-ol (3fb) and (4R*,55*)-5-methyl-3,4-
diphenyl-4,5-dihydroisobenzofuran-5-ol (3fb’). The reaction of
PdCl,(PPh;), (9 mg, 5 mol%), Cul (2 mg, 4 mol%), 1f (51 mg,
0.25 mmol) and 2f (68 mg, 0.3 mmol) in 2 mL of toluene and
0.1 mL of i-Pr,NH followed by the addition of #BuOK (84 mg,
0.75 mmol) at room temperature afforded 3fb (48 mg, 61%)
and 3fb’ (7 mg, 9%) (eluent: petroleum ether-ethyl acetate =
8/1) as a liquid:

3fb "H NMR (400 MHz, CDCly): § 7.51-7.49 (m, 3 H), 7.30 (t,
J = 7.2 Hz, 2 H), 7.23-7.16 (m, 6 H), 6.69 (d, J = 9.2 Hz, 1 H),
5.78 (d, J = 9.6 Hz, 1 H), 4.29 (s, 1 H), 2.19 (s, 1 H), 1.17 (s,
3 H); "*C NMR (100 MHz, CDCl,): § 149.60, 140.03, 136.61,
133.49, 130.57, 128.84, 128.41, 128.27, 127.24, 126.80, 125.06,
122.08, 120.47, 118.18, 72.08, 50.59, 26.95; IR (neat): 3509,
3033, 2926, 1700, 1640, 1542, 1489, 1439, 1372, 1334, 1182,
1124, 1087, 1049, 1027, 958, 937, 896, 846, 786, 747, 694, 641,
613 cm™'; MS(EI) m/z (%): 302 (M, 100), 285 (63), 259 (70);
HRMS: caled for C,,H,50, (M"), 302.1307; found, 302.1301.

3fb’ 'H NMR (400 MHz, CDCL,): § 7.45 (d, J = 7.2 Hz, 3 H),
7.33-7.21 (m, 8 H), 6.47 (d, J = 10.4 Hz, 1 H), 5.65 (d, J =
10.0 Hz, 1 H), 4.19 (s, 1 H), 1.60 (s, 1 H), 1.43 (s, 3 H); "*C NMR
(100 MHz, CDCl,): § 148.57, 138.31, 136.32, 136.29, 130.70,
129.85, 128.58, 128.53, 127.43, 127.25, 125.05, 122.60, 118.81,
117.35, 73.94, 49.95, 28.77; IR (neat): 3504, 2962, 1649, 1599,
1491, 1449, 1346, 1235, 1143, 1122, 1054, 1027, 930, 875, 825,
779, 750, 682, 640 cm™'; MS(EI) m/z (%): 302 (M', 100), 259
(96), 105 (69); HRMS: caled for C,H;50, (M'), 302.1307;
found, 302.1311.

(4) Preparation of (4R*,5R*)-4-(4-bromophenyl)-3-phenyl-
4,5-dihydroisobenzofuran-5-ol (3ga) and (4R*,55*)-4-(4-bromo-
phenyl)-3-phenyl-4,5-dihydroisobenzofuran-5-ol (3ga’). The
reaction of PACl,(PPhs), (9 mg, 5 mol%), Cul (1 mg, 3 mol%),
1g (71 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 2 mL of
toluene and 0.1 mL of i-Pr,NH followed by addition of ¢-BuOK
(84 mg, 0.75 mmol) at room temperature afforded 3ga (70 mg,
77%) and 3ga’ (11 mg, 12%) (eluent: petroleum ether-ether =
2/1) as a liquid:

3ga 'H NMR (400 MHz, CDCl;): 6 7.54 (s, 1 H), 7.42-7.35
(m, 4 H), 7.30-7.26 (m, 2 H), 7.22-7.19 (m, 1 H), 7.03 (d, J =
8.4 Hz, 2 H), 6.70 (d, J = 10.0 Hz, 1 H), 5.91 (dd, J; = 10.0 Hz,
J» = 6.0 Hz, 1 H), 4.49 (s, 1 H), 4.31 (d, J = 4.0 Hz, 1 H), 1.94
(brs, 1 H); *C NMR (100 MHz, CDCl;): § 150.21, 139.19,
137.02, 131.75, 130.33, 129.68, 128.54, 127.48, 126.07, 124.98,
121.97, 121.78, 120.76, 114.84, 70.97, 45.16; IR (neat): 3375,
1706, 1641, 1594, 1553, 1485, 1446, 1401, 1361, 1221, 1128,
1071, 1054, 1009, 951, 907, 882, 851, 810, 788, 769, 731, 692,
661, 632 cm™"; MS(EI) m/z (%): 368 [M*(*'Br), 5], 366 [M"("°Br),
5], 84 (100); HRMS: calcd for C,,H;5BrO, [M*("°Br)], 366.0255;
found, 366.0245.

3ga’ "H NMR (400 MHz, CDCl,): § 7.47 (s, 1 H), 7.43-7.39
(m, 4 H), 7.32-7.29 (m, 2 H), 7.25-7.23 (m, 1 H), 7.13 (d, J =
8.4 Hz, 2 H), 6.52 (dd, J; = 10.0 Hz, J, = 3.2 Hz, 1 H), 5.59 (dd,
J1 =10.0 Hz, J, = 1.6 Hz, 1 H), 4.87 (t, ] = 8.4 Hz, 1 H), 4.43 (d,
J =7.6 Hz, 1 H), 1.49 (d, J = 10.4 Hz, 1 H); "*C NMR (100 MHz,
CDCly): & 148.63, 136.55, 136.24, 131.61, 131.33, 130.41,
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128.61, 127.54, 125.04, 122.89, 121.51, 118.81, 117.21, 70.53,
42.65; IR (neat): 3400, 2916, 1593, 1487, 1446, 1404, 1362,
1221, 1181, 1130, 1072, 1051, 1026, 1010, 943, 909, 876, 801,
786, 767, 729, 692, 665, 614 cm™'; MS(EI) m/z (%): 368
[M*(®'Br), 10], 366 [M*("°Br), 12], 59 (100); HRMS: calcd for
C,0H15BrO, [M*("°Br)], 366.0255; found, 366.0247.

(5) Preparation of (4R*,5R*)-4-(4-fluorophenyl)-3-phenyl-
4,5-dihydroisobenzofuran-5-ol (3ha) and (4R*,55*)-4-(4-fluoro-
phenyl)-3-phenyl-4,5-dihydroisobenzofuran-5-ol (3ha’). The
reaction of PdCl,(PPhj3), (9 mg, 5 mol%), Cul (1 mg, 3 mol%),
1h (56 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 2 mL of
toluene and 0.1 mL of i-Pr,NH followed by the addition of
t-BuOK (84 mg, 0.75 mmol) at room temperature afforded 3ha
(56 mg, 73%) and 3ha’ (9 mg, 12%) (eluent: petroleum ether-
ether = 2/1) as a liquid:

3ha "H NMR (400 MHz, CDCl,): § 7.54 (s, 1 H), 7.43-7.41
(m, 2 H), 7.30-7.26 (m, 2 H), 7.23-7.18 (m, 1 H), 7.14-7.10 (m,
2 H), 6.95-6.90 (m, 2 H), 6.71 (d, J = 9.2 Hz, 1 H), 5.93 (dd, J; =
9.6 Hz, J, = 5.6 Hz, 1 H), 4.51 (d, J = 2.0 Hz, 1 H), 4.33 (dd, J, =
5.6 Hz, J, = 2.0 Hz, 1 H), 1.95 (brs, 1 H); **C NMR (100 MHz,
CDClL;): 6 161.71 (d, J = 244.0 Hz), 150.15, 136.99, 135.87 (d, J =
2.9 HZ), 130.43, 129.47 (d,] =7.8 HZ), 128.51, 127.43, 126.23,
125.03, 122.06, 121.71, 115.49 (d, J = 21.0 Hz), 115.31, 71.24,
45.00; IR (neat): 3368, 2917, 1641, 1602, 1506, 1446, 1391,
1265, 1222, 1159, 1129, 1096, 1052, 1004, 950, 907, 861, 824,
783, 767, 735, 692, 637 cm™; MS(EI) m/z (%): 306 (M", 52), 105
(100); HRMS: caled for C,,H;5FO, (M'), 306.1056; found,
306.1047.

3ha’ "H NMR (400 MHz, CDCl;): § 7.47 (s, 1 H), 7.42-7.40
(m, 2 H), 7.33-7.21 (m, 5 H), 7.00 (t, J = 8.8 Hz, 2 H), 6.53 (dd,
J1 = 10.0 Hz, J, = 3.2 Hz, 1 H), 5.61 (dd, J; = 10.0 Hz, J, =
1.6 Hz, 1 H), 4.86 (d, J = 6.8 Hz, 1 H), 4.46 (d, J = 7.2 Hz, 1 H),
1.56 (brs, 1 H); >C NMR (100 MHz, CDCl;): § 162.14 (d, J =
243.6 HZ), 148.47, 136.48, 132.74 (d,]: 3.4 HZ), 131.43, 131.42
(d, J = 7.5 Hz), 130.44, 128.57, 127.46, 124.99, 122.89, 118.71,
117.58, 115.41 (d, J = 21.0 Hz), 70.55, 42.34; IR (neat): 3360,
2919, 1668, 1598, 1506, 1446, 1369, 1225, 1158, 1131, 1093,
1048, 940, 806, 765, 738, 689, 660, 616 cm™; MS(EI) m/z (%):
306 (M', 15), 43 (100); HRMS: caled for C,,H;sFO, (M'),
306.1056; found, 306.1051.

(6) Preparation of (4R*,5R*)-4-(4-methoxyphenyl)-3-phenyl-
4,5-dihydroisobenzofuran-5-ol (3ia) and (4R*,55*)-4-(4-methoxy-
phenyl)-3-phenyl-4,5-dihydroisobenzofuran-5-0l (3ia’). The
reaction of PdCl,(PPhj;), (9 mg, 5 mol%), Cul (1 mg, 3 mol%),
1i (59 mg, 0.25 mmol) and 2a (64 mg, 0.3 mmol) in 2 mL of
toluene and 0.1 mL of i-Pr,NH followed by the addition of
t-BuOK (84 mg, 0.75 mmol) at room temperature afforded 3ia
(49 mg, 62%) and 3ia’ (8 mg, 10%) (eluent: petroleum ether-
ether = 2/1) as a liquid:

3ia 'H NMR (400 MHz, CDCl,): 6 7.53 (s, 1 H), 7.44 (d, J =
8.0 Hz, 2 H), 7.29-7.25 (t, ] = 7.6 Hz, 2 H), 7.23-7.17 (m, 1 H),
7.08 (d, J = 8.4 Hz, 2 H), 6.77 (d, J = 8.4 Hz, 2 H), 6.70 (d, J =
9.2 Hz, 1 H), 5.94 (dd, J; = 9.6 Hz, J, = 5.2 Hz, 1 H), 4.49 (s,
1 H), 4.35 (d,J = 4.8 Hz, 1 H), 3.72 (s, 3 H), 1.93 (brs, 1 H); °C
NMR (100 MHz, CDCl;): § 158.38, 149.99, 136.82, 132.12,
130.56, 128.92, 128.46, 127.24, 126.45, 125.03, 122.20, 121.60,

This journal is © The Royal Society of Chemistry 2013

View Article Online

115.77, 114.01, 71.32, 55.12, 44.90; IR (neat): 3391, 2917, 1707,
1609, 1510, 1445, 1361, 1302, 1249, 1178, 1128, 1030, 951, 906,
858, 823, 766, 731, 693, 637 cm™'; MS(EI) m/z (%): 318 (M’,
32), 59 (100), 84 (95); HRMS: caled for C,H;s0; (M),
318.1256; found, 318.1257.

3ia’ 'H NMR (400 MHz, CDCL,): 6 7.44 (d, J = 8.4 Hz, 3 H),
7.32-7.17 (m, 5 H), 6.84 (d, J = 8.4 Hz, 2 H), 6.51 (dd, J; =
9.6 Hz, J, = 2.8 Hz, 1 H), 5.61 (d, J = 10.0 Hz, 1 H), 4.83 (m,
1 H), 4.42 (d,J = 7.6 Hz, 1 H), 3.77 (s, 3 H), 1.59 (brs, 1 H); *C
NMR (100 MHz, CDCl;): § 158.91, 148.33, 136.29, 131.89,
130.91, 130.62, 128.79, 128.53, 127.30, 125.03, 123.07, 118.51,
118.09, 114.02, 70.61, 55.18, 42.29; IR (neat): 3395, 2923, 1697,
1608, 1511, 1448, 1401, 1299, 1248, 1178, 1112, 1028, 913, 833,
799, 771, 694, 656, 618 cm™'; MS(EI) m/z (%): 318 (M", 28), 43
(100); HRMS: caled for C,;H;s0; (M'), 318.1256; found,
318.1252.

(7) Preparation of methyl 4-((4R*,5R*)-5-hydroxy-3-phenyl-
4,5-dihydroisobenzo-furan-4-yl)benzoate (3ja) and methyl
4-((4R*,58*)-5-hydroxy-3-phenyl-4,5-dihydroisobenzo-furan-4-yl)-
benzoate (3ja’). The reaction of PdCl,(PPh;), (9 mg, 5 mol%),
Cul (1 mg, 3 mol%), 1j (66 mg, 0.25 mmol) and 2a (64 mg,
0.3 mmol) in 2 mL of toluene and 0.1 mL of i-Pr,NH followed
by the addition of #BuOK (84 mg, 0.75 mmol) at —15 °C
afforded 3ja (57 mg, 66%) and 3ja' (10 mg, 12%) (eluent: pet-
roleum ether-ether = 2/1) as a liquid:

3ja '"H NMR (400 MHz, CDCl,): 6 7.92 (d, J = 8.4 Hz, 2 H),
7.57 (s, 1 H), 7.40 (d, J = 7.2 Hz, 2 H), 7.29-7.20 (m, 5 H), 6.74
(d, 7 =9.2 Hz, 1 H), 5.94 (dd, J; = 10.0 Hz, J, = 5.6 Hz, 1 H),
4.60 (s, 1 H), 4.38 (d, J = 4.0 Hz, 1 H), 3.86 (s, 3 H), 1.99 (brs, 1
H); ®C NMR (100 MHz, CDCl;): § 166.83, 150.29, 145.52,
137.10, 130.31, 130.00, 128.82, 128.53, 128.03, 127.49, 126.06,
124.98, 122.00, 121.85, 114.68, 70.92, 52.03, 45.78; IR (neat):
3472, 2953, 1720, 1609, 1492, 1437, 1412, 1373, 1280, 1244,
1185, 1109, 1046, 1010, 957, 842, 821, 765, 735, 693, 632,
611 cm™*; MS(EI) m/z (%): 346 (M", 20), 43 (100); HRMS: calcd
for C,,H,30, (M"), 346.1205; found, 346.1211.

3ja’ "H NMR (400 MHz, CDCl,): § 7.97 (d, J = 8.8 Hz, 2 H),
7.49 (s, 1 H), 7.40-7.20 (m, 7 H), 6.55 (dd, J; = 10.0 Hz, J, =
3.2 Hz, 1 H), 5.62 (dd, J; = 9.6 Hz, J, = 1.6 Hz, 1 H), 4.92 (td,
J1=7.6 Hz, J, = 2.0 Hz, 1 H), 4.54 (d, J = 7.2 Hz, 1 H), 3.89 (s,
3 H), 1.56 (s, 1 H); *C NMR (100 MHz, CDCl;): § 166.91,
148.74, 142.78, 136.63, 131.21, 130.38, 129.99, 129.68, 129.21,
128.59, 127.55, 125.05, 122.92, 118.89, 117.04, 70.56, 52.08,
43.22; IR (neat): 3348, 2919, 2851, 1715, 1609, 1492, 1436,
1281, 1186, 1106, 1046, 1020, 910, 765, 728, 693, 619 cm™*; MS
(ED) m/z (%): 346 (M", 9), 43 (100); HRMS: calcd for C,,H;50,
(M"), 346.1205; found, 346.11211.

4. Procedure for the synthesis of (4R*,5R*)-3-(4-bromophenyl)-
4-(4-nitrophenyl)-4,5-dihydroisobenzofuran-5-yl acetate (5)

To a solution of 3ab (95 mg, 0.23 mmol) in pyridine (2 mL)
were added DMAP (3 mg, 10 mol%) and Ac,O (235 mg,
2.3 mmol). The mixture was stirred for 1 h at rt. The resulting
mixture was diluted by Et,O (10 mL) and washed sequentially
with HCI (2 M), a saturate of aqueous NaHCO; solution and
brine. The organic layer was dried over anhydrous Na,SO,.
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After filtration and evaporation, the residue was purified by
flash chromatography on silica gel (eluent: petroleum ether-
DCM = 2/1) to afford 5 (87 mg, 83%, m.p.: 203-204 °C) as a
white solid.

5 'H NMR (400 MHz, CDCL;): § 8.14 (d, J = 9.2 Hz, 2 H),
7.63 (s, 1 H), 7.42 (d, J = 8.4 Hz, 4 H), 7.22 (d, J = 8.4 Hz, 2 H),
6.90 (d, J = 9.2 Hz, 1 H), 5.81 (dd, J; = 10.0 Hz, J, = 6.0 Hz,
1 H), 5.47 (dd, J; = 6.0 Hz, J, = 1.6 Hz, 1 H), 4.63 (s, 1 H), 2.04
(s, 3 H); >*C NMR (100 MHz, CDCl,): § 170.81, 148.75, 147.18,
146.61, 137.84, 131.87, 128.98, 128.90, 126.19, 124.39, 124.06,
121.98, 121.74, 121.09, 114.48, 71.69, 42.08, 21.19; IR (neat):
3402, 2921, 1605, 1523, 1492, 1445, 1351, 1128, 1055, 1006,
951, 908, 887, 855, 839, 765, 734, 692, 671, 642, 616 cm™'; MS
(ED) m/z (%): 455 [M"(®'Br), 3], 453 [M*("°Br), 3], 395 (100);
HRMS: caled for C,,H;¢NOsBr [M*("°Br)], 453.0212; found,
453.0205.

5. Procedure for the synthesis of 2-((3-(3-nitrophenyl)-
1-phenylprop-2-ynyloxy)methyl)furan (6)

An oven-dried Schlenk tube containing a Teflon-coated stirring
bar was charged with PdCl,(PPhj;), (9 mg, 5 mol%) and Cul
(1 mg, 3 mol%). The Schlenk tube was sealed and then evacu-
ated-backfilled with N, (3 cycles). A solution of 1c¢ (62 mg,
0.25 mmol) and 2a (64 mg, 0.3 mmol) in 1 mL of toluene and
0.6 mL of i-Pr,NH was subsequently injected to the Schlenk
tube. The reaction mixture was stirred at 65 °C for 16 h. After
filtration and evaporation, the residues were purified with
flash chromatography on silica gel (eluent: petroleum ether-
ethyl acetate = 20/1) to afford 6 (60 mg, 72%) as a liquid:

6 'H NMR (400 MHz, CDCl,): & 8.31 (s, 1 H), 8.16 (d, J =
8.4 Hz, 1 H), 7.76 (d, ] = 7.2 Hz, 1 H), 7.56 (d, J = 7.2 Hz, 2 H),
7.51-7.35 (m, 5 H), 6.39 (d, J = 13.6 Hz, 2 H), 5.44 (s, 1 H), 4.68
(t, ] = 13.6 Hz, 2 H); *C NMR (100 MHz, CDCL;): § 150.92,
147.99, 143.08, 137.70, 137.43, 129.31, 128.68, 128.61, 127.46,
126.58, 124.20, 123.24, 110.35, 110.08, 89.48, 85.15, 70.59,
62.17; IR (neat): 3084, 1727, 1529, 1497, 1452, 1349, 1307,
1149, 1049, 1014, 919, 883, 809, 785, 735, 698, 673 cm™'; MS
(ET) m/z (%): 333 (M, 3), 81 (100), 189 (87), 236 (85); HRMS:
caled for CyoH;5NO, (M'), 333.1001; found, 333.1000.
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