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1. General information

All the starting materials were obtained from commercial sources and used without
further purification unless otherwise stated. *H NMR, *C NMR, *P NMR and *F
NMR spectra were recorded at ambient temperature in CDCI3 on Bruker Avance IlI
HD 400 spectrometer. The chemical shifts were given in parts permillion (ppm), and
the residual solvent peak was used as an internal reference (CDCls: & 7.26 ppm ‘H; &
77.16 ppm *3C). Multiplicity was indicated as follows: s (singlet), d (doublet), t
(triplet), g (quartet), m (multiplet), dd (doublet of doublet). Coupling constants (J)
were reported in Hertz (Hz). High resolution mass spectra were obtained on a Thermo
LTQ mass spectrometer. For thin layer chromatography (TLC), Merck pre-coated
TLC plates (Merck 60 F254) were used, and compounds were visualized with a UV
light at 254 nm. Further visualization was achieved by staining with iodine, or ceric
ammonium molybdate followed by heating on a hot plate. Flash chromatographic
separations were performed on Merck 60 (0.040-0.063 mm) mesh silica gel.
Enantiomeric excess was determined by HPLC analysis using chiral column described
below in detail.

All phosphonium salt catalysts used in this study were prepared by following the
procedures reported in the literatures.! All conjugated diene benzopyranone
compounds 1 were synthesized following the methods reported in the literature.*!

The configurations of products (-3 were determined by X-ray crystallographic
analysis of the single crystal of (3-3a (CCDC 2171783). The configurations of (-3’
and (H-4 were also determined by X-ray crystallographic analysis of the single
crystal of (-3a’ (CCDC 2171785) and (-4 (CCDC 2207797).

Of note, the diastereomeric values of the tricyclic phosphorous products (3) and
addition products (3”) were all >20:1 in this study, due to the following: (a) the origin
of this complete diastereoselectivities of products 3 was attributed to the inherent
steric hindrance and intramolecular H-bonding effect; (b) addition products 3’ are in
cis-forms including two stereoisomers of (2R, 3R) and (2S, 3S), while the other two
stereoisomers are trans-forms. The products 3’ can be synthesized from the
trans-enantiomers under basic conditions through enolation process, due to the
inherent steric hindrance of the stereoisomers. At the completion of the reaction, the
trans-enantiomers have already been transformed.
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2. Optimization of reaction conditions

Table S1: Initial studies.?®
P (10 mol%)

o} HP(O)Ph, (1.2 equiv.) HOPh o, H
> Cs,CO5 (3.0 equiv.) ./ \..P(O)Ph N
= Ph S / (O)Ph P(O)th h
- ~ e ’/Me + o
O toluene, 48 h, rt
1a (#)-3a (> 20:1 dr) (£)-3a" (> 20:1 dr)
catalysts

Ph
HN/j/ <P HN/T/ P HN/T/ HN/jlé/Ph
J

® © o 0 o @ Bn Osde "o ®
MePh,PMel i o & i © ©
t t
PO HN\n/OBu HN OBu

entry cat. yield of (H-3a yield of (H-3a’
1 - 0 32
2 PO 5 40
3 P1 15 63
4 P2 12 62
5 P3 11 54
6 P4 10 56

[a] Reaction conditions: 1a (26.2 mg, 0.10 mmol), 2a (24.2 mg, 0.12 mmol), Cs,CO; (97.8 mg,
0.30 mmol) and P (10 mol%) in solvent (2.5 mL) at room temperature for 48 h. [b] Isolated yields.

Table S2: Screening of the solvents.?f

P1 (10 mol%)

“ _Cs2C05 (3.0 equiv)
©/ \© solvent

NHBoc

® o
‘ ﬁPthma
N !
(#)-

-3a (£)- 33
dr > 20:1 dr > 20:1 P1
Entry  base solvent Conv. %)™ time yield (%) of (-3ayield (%) of ()-3a*
1 Cs,CO4 toluene >95% 2d 15 63
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8
9
10
11

121

Cs,CO;,
Cs,CO;,
Cs,CO;
Cs,CO;
Cs,CO;,
Cs,CO;,
Cs,CO;
Cs,CO;
Cs,CO;
Cs,CO;

Cs,CO;

Et,O
dioxane
THF
EtOH
MeOH
H,O
CH3CN
EA
EA
EA

EA

>95%

>95%

>95%

messy

messy

N.R.

>95%

>95%

>95%

60

12

2d

2d

2d

2d

2d

2d

2d

1d

16 h

1d

1d

trace

0

10

n.d.

n.d.

0

10

38

36

33

trace

72

68

23

n.d.

n.d.

48

0

0

trace

[a] Reaction conditions: 1a (26.2 mg, 0.10 mmol), 2a (24.2 mg, 0.12 mmol), Cs,CO3 (97.8 mg, 0.30
mmol) and P1 (10 mol%) in solvent (2.5 mL) at room temperature. [b] conversion was determined by
crude *H NMR. [c] The reaction temperature was 35 °C. [d] The reaction temperature was 50°C. [e]
The reaction temperature was 70 °C. [f] Isolated yields.

Table S3: Screening of the bases.**

@\)ﬁ/\ﬂ H b:;e ((1300me%|:/:3 ) i (\gthMS
o + .
(3 (Oi)»3a' TNHBOC
dr > 20:1 dr>20:1 P1
Entry base Conv. (%)M time yield (%) of (B-3a yield (%) of (-3a*
1 Cs,CO3 >95% 1d 38 0
2 KOH messy 2h n.d. n.d.
3 NaOH >95% 12h 26 0
4 KsPO, <5% 2d 0 0
5 DIPEA messy 2d 0 0
6 DBU messy 2d 0 0
76l Cs,CO; >95% 18h 40 0
gl Cs,CO; >95% 18h 36 0
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[a] Reaction conditions: 1a (26.2 mg, 0.10 mmol), 2a (24.2 mg, 0.12 mmol), Cs,CO; (97.8 mg, 0.30
mmol) and P1 (10 mol%) in solvent (2.5 mL) at room temperature. [b] Conversion was determined by
crude *H NMR. [c] Cs,CO; (195.6 mg, 0.60 mmol). [d] Cs,CO; (293.4 mg, 0.90 mmol). [e] Isolated
yields.

Table S4: Screening of equivalent of 2a.*¢

o o P1 (10 mol%) o, H 3 (\gthMel
> . b C%C0s(6.0equiv) P pp | Oy NH
dﬁ/\ﬁph PRTHPh o (0.04 mol/L), rt. O P(O)Ph, i T

0 ) ° s ; NHBoc

b ’ dr 303? d:_>)_2::1 : P1

Entry 2a time Conv. (%) yield (%)(H-3a yield (%)()-3a*
1 1.2 equiv. 18 h >95% 40 0
2 1.5 equiv. 18 h >95% 45 0
3 2.0 equiv. 18 h >95% 46 0

[a] Reaction conditions: 1a (26.2 mg, 0.10 mmol), 2a (x mmol), Cs,CO3 (0.60 mmol) and P1 (10
mol%) in solvent (2.5 mL) at room temperature. [b] Conversion was determined by crude *H NMR.
[c] Isolated yields.

Table S5: Screening of reaction concentration and loading of catalyst.2

o P1 (10 mol%) Ay o
P g Cs,CO0;4 (6.0 equiv.) ) W pn o ,\ﬁppth !
Pho* o — O P(OPh,
o EA (x mol/L), rt. o ! e
1a 2a (+)-3a (+)-3a’ ! P1 o
dr > 20:1 dr > 20:1 ‘
Entry EA time Conv. (%) vyield (%)()-3a yield (%)(B-3a¢
1 2.5 mL 18 h >95% 46 0
2 1.25 mL 18 h >95% 42 0
3 0.625 mL 18 h >95% 38 0
4 5.0 mL 18 h >95% 37 0
5! 2.5 mL 12 h >95% 53 0
6Ll 2.5 mL 12 h >95% 53 0
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[a] Reaction conditions: 1a (26.2 mg, 0.10 mmol), 2a (40.4 mg, 0.20 mmol), Cs,CO3 (0.30 mmol)
and P1 (10 mol%) in solvent (2.5 mL) at room temperature. [b] Conversion was determined by *H
crude NMR. [b] The loading of P1 was 15 mol%. [c] The loading of P1 was 20 mol%.[d] Isolated
yields.

Table S6: Substrates limitation.?®

P1 (15 mol%) B
o) HP(O)Ph, (2.0 equiv.) HO / Q4 H
AN R Cs2C0; (6.0 equiv.) "/ }..\P(O)RPRS R
.\\ —/, > \Ar | ,,,/ + p{o\\“"
o ) EA, 12 h, it O "Me o %
1 (all >20:1 dr) ()3 (#)-3'
o) (O)Me, o} (O)Ph, 0 o
/ _ (O)Phy
O O O (o] o) —
9) Y O Ph
(#)-3y, n.r.; (2)-3y", n.r. (+)-3z, 0% yield; (+)-32", 87% yield (#)-3aa, n.r.; (+)-3aa’, n.r.
o} (O)Ph, o) (O)Ph,
=
S, O ®
O (6] OMe
(£)-3ab’, 0% yield; (x)-3ab’, 0% yield (#)-3ac, n.r.; (x)-3ac’, n.r.

[a] Reaction conditions: 1 (0.10 mmol), 2 (0.20 mmol), Cs,CO; (0.60 mmol) and P1 (0.015 mmol) in
EA (2.5 mL) for 12 h at room temperature. [b] Isolated yields.

3. Preparation of the catalyst
All the phosphonium salt catalysts P0O-P1 were prepared by the previuosly

reported procedures.!y The PO catalyst is known compounds, and its characterization
data were in agreement with those reported in the literature.? Unknown compounds
P1, P2, P3, and P4 were fully characterized.
“IPh,"P—
HN NHBoc

o}

(2-(2-((tert-butoxycarbonyl)amino)acetamido)ethyl)(methyl)diphenylphosphoniu
m iodide (P1)

A yellow solid; m.p. = 143-145 °C; *H NMR (400 MHz, CDCl3) & 7.94 (t, J = 4.9
Hz, 1H), 7.81 (dd, J = 13.0, 7.4 Hz, 4H), 7.70-7.63 (m, 2H), 7.62-7.54 (m, 4H), 5.33
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(s, 1H), 3.74-3.58 (m, 2H), 3.55-3.46 (m, 2H), 3.46-3.35 (m, 2H), 5.33 (s, 1H),
3.73-3.57 (m, 2H), 3.55-3.46 (m, 2H), 3.43 (d, J = 4.2 Hz, 2H), 2.80 (d, J = 13.7 Hz,
3H), 1.31 (s, 9H); *C NMR (100 MHz, CDCls) & 170.6, 155.9, 134.8, 132.4 (d, J =
10.3 Hz), 130.2 (d, J = 12.5 Hz), 119.0 (d, J = 85.3 Hz), 79.8, 43.7, 32.8, 28.3, 23.4 (d,
J =50.9 Hz), 8.3 (d, J = 53.8 Hz); *'P NMR (162 MHz, CDCls) § 21.99; HRMS (ESI)

calcd for C2oH3gN,O35P [M-|]+401.1989; found 401.1989.

Ph
“BrPhy'P—/

HN NHBoc

0]
benzyl(2-(2-((tert-butoxycarbonyl)amino)acetamido)ethyl)diphenylphosphonium
bromide (P2)

A white solid; m.p. = 178-179 °C; 'H NMR (400 MHz, DMSO-d6) & 8.28-8.10 (m,
1H), 7.93-7.81 (m, 6H), 7.77-7.67 (m, 4H), 7.30-7.18 (m, 3H), 7.06-6.90 (m, 3H),
4.76 (d, J = 15.6 Hz, 2H), 3.42 (d, J = 5.8 Hz, 2H), 3.33 (s, 1H), 3.31-3.21 (m, 2H),
3.17-3.01 (m, 2H), 1.37 (s, 9H): °C NMR (100 MHz, DMSO-d6) & 170.0, 155.7,
134.8, 133.4 (d, J = 9.6 Hz), 130.3 (d, J = 5.0 Hz), 129.8 (d, J = 12.2 Hz), 128.8,
128.1 (d, J = 4.1 Hz), 127.9 (d, J = 2.7 Hz), 117.8, 117.0, 79.2, 78.2, 43.3, 32.3, 28.2,
19.0 (d, J = 47.3 Hz),; *'P NMR (162 MHz, DMSO0-d6) & 23.74: HRMS (ESI) calcd
for CgH34N,03P [M-Br]* 477.2302; found 477.2304.
‘IPh,*P—

HN\ 0

P2
"

methyl(2-((4-methylphenyl)sulfonamido)ethyl)diphenylphosphonium iodide (P3)
A yellow solid; m.p. = 88-90 °C; *H NMR (400 MHz, CDCls) & 7.87-7.78 (m, 4H),
7.77-7.67 (m, 4H), 7.67-7.57 (m, 4H), 7.21 (d, J = 8.0 Hz, 2H), 7.06 (t, J = 6.2 Hz,
1H), 3.64-3.51 (m, 2H), 3.35-3.20 (m, 2H), 2.81 (d, J = 13.8 Hz, 3H), 2.33 (s, 3H);
3¢ NMR (100 MHz, CDCl3) & 143.7, 135.7, 135.0 (d, J = 2.8 Hz), 132.6 (d, J = 10.1
Hz), 130.5 (d, J = 12.6 Hz), 129.9, 127.4, 119.1 (d, J = 85.6 Hz), 37.0, 24.2 (d, J =
52.9 Hz), 21.6, 9.5 (d, J = 49.5 Hz); *'P NMR (162 MHz, CDCl3) & 22.65; HRMS
(ESI) calcd for Cy1H2,NOLPS [M-1]* 383.1103; found 383.1110.
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“IPh, " P—
HN/_/

v,
(2-benzamidoethyl)(methyl)diphenylphosphonium iodide (P4)
A yellow solid; m.p. = 172-174 °C; *H NMR (400 MHz, CDCl3) & 8.26 (t, J = 5.8
Hz, 1H), 7.86-7.71 (m, 6H), 7.60-7.47 (m, 6H), 7.47 (t, J = 7.4 Hz, 1H), 7.26 (t, J =
8.3 Hz, 2H), 4.05-3.91 (m, 2H), 3.75-3.64 (m, 2H), 2.87 (d, J = 13.7 Hz, 3H); *C
NMR (100 MHz, CDCl3) & 167.7, 134.7 (d, J = 3.0 Hz), 132.4, 132.2 (d, J = 10.2 Hz),
131.8,130.3 (d, J = 12.5 Hz), 128.2, 127.6, 119.3 (d, J = 85.3 Hz), 33.5, 23.8 (d, J =
50.8 Hz), 8.4 (d, J = 54.3 Hz); *P NMR (162 MHz, CDCl5) & 21.63; HRMS (ESI)
calcd for Co,H23sNOP [M-1]* 348.1512; found 348.1510.

4. Preparation of the substrate: phenylallylidene chroman-4-one 1

0 o 0
CORESar B r G~
80°C, 4 h
Q s2 o
(5 mmol) (5 mmol)

All the phenylallylidene chroman-4-one 1 used in this article were synthesised
according to the literature.[ The unknown compounds are 1c, 1d, 1e, 1f, 1g, 1i, 1j, 1Kk,
1l, Im, 1n, 1o, 1v, 1w, 1x, 1z, laa, lab, and lac, and all of them were fully

characterized.

Characterization of unknown substrates

LT C
(¢}
(E)-3-((E)-3-phenylallylidene)chroman-4-one (1a)
A yellow solid; 1.02 g, 78% yield; *H NMR (400 MHz, CDCl5) § 8.01 (dd, J = 7.8,

1.6 Hz, 1H), 7.56-7.45 (m, 4H), 7.42-7.31 (m, 3H), 7.13-6.97 (m, 4H), 5.26 (d, J = 1.6
Hz, 2H); HRMS (ESI) m/z calcd for C1gH150, [M+H]* 263.1067; found 263.1068.
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Br % =

Ly C
(E)-6-bromo-3-((E)-3-phenylallylidene)chroman-4-one (1c)
A vyellow solid; 1.29 g, 76% yield; m.p. = 165-167 °C; *H NMR (400 MHz, CDCls) §
8.10 (d, J = 6.3 Hz, 1H), 7.56-7.47 (m, 4H), 7.42-7.34 (m, 3H), 7.13-7.06 (m, 1H),
7.04-6.94 (m, 1H), 6.89 (d, J = 8.8 Hz, 1H), 5.25 (d, J = 1.5 Hz, 2H); *C NMR (100
MHz, CDCl3) § 180.8, 160.4, 144.1, 138.2, 137.0, 136.0, 130.4, 129.8, 129.1, 128.2,
127.7, 123.8, 121.5, 120.1, 114.7, 67.2; HRMS (ESI) m/z calcd for CigH140,Br
[M+H]" 341.0172; found 341.0175.

F NS

LT
(E)-6-fluoro-3-((E)-3-phenylallylidene)chroman-4-one (1d)
A yellow solid; 1.06 g, 76% vield; m.p. = 148-150 °C; 'H NMR (400 MHz, CDCls) &
7.65 (dd, J = 8.4, 3.2 Hz, 1H), 7.55-7.48 (m, 3H), 7.42-7.34 (m, 3H), 7.22-7.16 (m,
1H), 7.10 (d, J = 15.3 Hz, 1H), 7.02 (d, J = 11.6 Hz, 1H), 7.00-6.95 (m, 1H), 5.24 (d,
J = 2.8 Hz, 2H); **C NMR (100 MHz, CDCls) & 181.2, 157.6 (d, J = 1.3 Hz), 157.6 (d,
J =240.5 Hz), 143.9, 136.7, 135.9, 129.7, 129.0, 128.4, 127.5, 123.1 (d, J = 6.9 Hz),
123.0 (d, J = 24.1 Hz), 121.5, 119.5 (d, J = 7.2 Hz), 112.9 (d, J = 23.6 Hz), 67.1; *°F
NMR (376 MHz, CDCls) § -120.86; HRMS (ESI) m/z calcd for CigH14FO, [M+H]"
281.0972; found 281.0972.

O

e
Br (@]

(E)-6-bromo-3-((E)-3-phenylallylidene)chroman-4-one (1e)

A yellow solid; 1.28 g, 75% vyield; m.p. = 163-165 °C:'H NMR (400 MHz, CDCl3) 6
7.80 (d, J = 5.8 Hz, 1H), 7.55-7.48 (m, 3H), 7.42-7.33 (m, 3H), 7.22-7.18 (m, 2H),
7.10 (d, J = 10.2 Hz, 1H), 6.99 (d, J = 7.9, 2.3 Hz, 1H), 5.27 (s, 2H); *C NMR (100
MHz, CDCl3) 6 181.3, 161.7, 144.0, 136.8, 136.0, 130.1, 129.8, 129.3, 129.1, 128.4,
127.7, 125.6, 121.6, 121.4, 121.2, 67.5; HRMS (ESI) m/z calcd for CygH140,Br
[M+H]" 341.0172; found 341.0175.
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X C
F @)

(E)-7-fluoro-3-((E)-3-phenylallylidene)chroman-4-one (1f)

A vyellow solid; 1.09 g, 78% yield; m.p. = 149-151 °C; *H NMR (400 MHz, CDCls) §
8.02 (dd, J = 8.8, 6.6 Hz, 1H), 7.53-7.48 (m, 3H), 7.41-7.34 (m, 3H), 7.10-7.07 (m,
1H), 7.02-6.95 (m, 1H), 6.80-6.75 (m, 1H), 6.68 (dd, J = 9.8, 2.4 Hz, 1H), 5.28 (d, J =
1.8 Hz, 2H); *C NMR (100 MHz, CDCls) § 180.8, 167.4 (d, J = 254.3 Hz), 163.2 (d,
J =13.8 Hz), 143.7, 136.5, 136.1, 130.5 (d, J = 11.4 Hz), 129.8, 129.1, 128.4, 127.6,
121.6,119.3,110.4 (d, J = 22.5 Hz), 104.8 (d, J = 24.3 Hz), 67.6; *°F NMR (565 MHz,
CDCl3) & -101.02; HRMS (ESI) m/z calcd for CigH14FO, [M+H]" 281.0972; found
281.0972.

@)

e
(@] Br

(E)-3-((E)-3-(4-bromophenyl)allylidene)chroman-4-one (19g)

A yellow solid; 1.36 g, 80% yield; m.p. = 168-169 °C;*"H NMR (400 MHz, CDCl3) &
8.00 (dd, J = 7.9, 1.6 Hz, 1H), 7.54-7.44 (m, 4H), 7.40-7.35 (m, 2H), 7.10-7.04 (m,
1H), 7.02-6.96 (m, 3H), 5.25 (d, J = 1.6 Hz, 2H); *C NMR (100 MHz, CDCl3) &
181.0, 161.5, 141.9, 135.8, 135.6, 135.1, 132.2, 129.8, 128.9, 128.0, 123.7, 122.5,
122.3, 122.1, 118.0, 67.1; HRMS (ESI) m/z calcd for C1gH140.Br [M+H]" 341.0172;
found = 341.0175.

LT
@) F

(E)-3-((E)-3-(4-fluorophenylallylidene)chroman-4-one (1i)

A yellow solid; 1.13 g, 81% yield; m.p. = 120-122 °C; *H NMR (400 MHz, CDCls)
§ 8.01 (dd, J=7.8, 1.7 Hz, 1H), 7.55-7.43 (m, 4H), 7.12-6.87 (m. 6H), 5.25 (d, J =
1.8 Hz, 2H); *C NMR (100 MHz, CDCls) & 182.1, 163.5 (d, J = 249.2 Hz), 161.5,
142.0, 135.9, 135.8, 132.4, 129.4, 129.3, 128.0, 122.5, 122.1, 121.5 (d, J = 2.4 Hz),
118.0, 116.3, 116.1, 67.1; HRMS (ESI) m/z calcd for CygH14FO, [M+H]" 281.0972;
found 281.0969.
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N
SOARe
(E)-3-((E)-3-(m-tolyl)allylidene)chroman-4-one (1j)
A yellow solid; 1.05 g, 76% yield; m.p. = 99-100 °C; *H NMR (400 MHz, CDCls) §
8.01 (dd, J = 7.9, 1.8 Hz, 1H), 7.51-7.45 (m, 2H), 7.34-7.32 (m, 2H), 7.29 (d, J = 7.5
Hz, 1H), 7.16 (d, J = 7.4 Hz, 1H), 7.08-6.98 (m, 4H), 5.27 (d, J = 1.8 Hz, 2H), 2.38 (s,
3H); **C NMR (100 MHz, CDCls) & 182.1, 161.5, 143.7, 138.7, 136.3, 136.1, 135.7,
130.5, 129.0, 128.9, 128.3, 128.0, 124.8, 122.6, 122.0, 121.6, 118.0, 67.1, 21.5;
HRMS (ESI) m/z calcd for C19H170, [M+H]" 277.1223; found 277.1223.

NF Cl
LT
(E)-3-((E)-3-(3-chlorophenyl)allylidene)chroman-4-one (1k)
A yellow solid; 1.20 g, 81% yield; m.p. = 138-140 °C; *H NMR (400 MHz, CDCls) &
8.01 (dd, J=7.9, 1.8 Hz, 1H), 7.50 (d, J = 1.6 Hz, 1H), 7.49-7.45 (m, 2H), 7.38-7.36
(m, 1H), 7.32-7.30 (m, 2H), 7.09-7.04 (m, 1H), 7.01-6.98 (m, 3H), 5.26 (d, J = 1.8 Hz,
2H); *C NMR (100 MHz, CDCls) § 182.0, 161.6, 141.5, 138.0, 135.9, 135.4, 135.1,

130.3, 130.2, 129.4, 128.1, 127.2, 125.8, 123.0, 122.4, 122.1, 118.1, 67.1; HRMS
(ESI) m/z calcd for C1gH140,Cl [M+H]" 297.0677; found 297.0678.

o)

SORAsH
@)

(E)-3-((E)-3-(3-(trifluoromethyl)phenyl)allylidene)chroman-4-one (1)

A yellow solid; 1.39 g, 84% yield; m.p. = 154-156 °C;*H NMR (400 MHz, CDCls) &
8.01 (dd, J = 7.8, 1.8 Hz, 1H), 7.8 (s, 1H), 7.7 (d, J = 7.9 Hz, 1H), 7.6 (d, J = 7.7 Hz,
1H), 7.53-7.46 (m, 3H), 7.10-7.06 (m, 3H), 7.0 (d, J = 8.3 Hz, 1H), 5.28 (d, J = 1.8
Hz, 2H); **C NMR (100 MHz, CDCls) & 182.0, 161.6, 141.2, 136.9, 136.0, 135.2,
131.7, 131.4, 130.6 (d, J = 4.4 Hz), 129.6, 128.1, 126.7 (q, J = 256.0 Hz),125.9 (d, J =
3.9 Hz), 123.9 (d, J = 3.8 Hz), 123.4, 122.4, 122.1, 118.1, 67.1; **F NMR (376 MHz,
CDCI3) § -62.83; HRMS (ESI) m/z calcd for Cy9H140,F5 [M+H]" 331.0940; found
331.0940.
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(E)-3-((E)-3-(2-methoxyphenyl)allylidene)chroman-4-one (1m)

A yellow solid; 1.15 g, 79% vield; m.p. = 105-106 °C; *H NMR (400 MHz, CDCl3) &
8.01 (dd, J = 7.9, 1.8 Hz, 1H), 7.54-7.50 (m, 2H), 7.48-7.38 (m, 2H), 7.32-7.28 (m,
1H), 7.11-7.07 (m, 2H), 6.99-6.96 (m, 2H), 6.90 (dd, J=7.9, 1.8 Hz, 1H), 5.24 (d, J =
1.4 Hz, 2H), 3.88 (s, 3H); *C NMR (100 MHz, CDCls) & 182.0, 161.5, 157.8, 138.9,
137.2, 135.5, 130.8, 128.4, 128.0, 125.1, 122.6, 122.4, 121.8, 120.9, 117.9, 111.2,
67.1, 55.6; HRMS (ESI) m/z calcd for C19H1705 [M+H]"293.1172; found 293.1178.

(E)-3-((E)-3-(2-bromophenyl)allylidene)chroman-4-one (1n)

A yellow solid; 1.33 g, 78% yield; m.p. = 148-150 °C; *H NMR (400 MHz, CDCls) &
8.01 (dd, J=7.9, 1.8 Hz, 1H), 7.65 (dd, J = 7.8, 1.7 Hz, 1H), 7.60 (dd, J = 8.0, 1.3 Hz,
1H), 7.56-7.51 (m, 1H), 7.50-7.47 (m, 1H), 7.46-7.43 (m, 1H), 7.35-7.30 (m, 1H),
7.20-7.15 (m, 1H), 7.08-7.03 (m, 1H), 7.00-6.91 (m, 2H), 5.25 (d, J = 1.8 Hz, 2H);
13C NMR (100 MHz, CDCl3) § 182.0, 161.5, 141.4, 135.9, 135.8, 135.6, 133.6, 130.5,
130.2, 128.1, 127.8, 127.3, 125.0, 124.1, 122.5, 122.1, 118.0, 67.0; HRMS (ESI) m/z
calcd for C1gH140.Br [M+H]" 341.0172; found 341.0172.

(E)-3-((E)-3-(anthracen-9-yl)allylidene)chroman-4-one (10)

A yellow solid; 1.38 g, 76% yield; m.p. = 107-109 °C; 'H NMR (400 MHz, CDCl3) &
8.49 (s, 1H), 8.10-7.95 (m, 4H), 7.80 (dd, J = 8.1, 1.8 Hz, 1H), 7.60 (d, J = 11.1 Hz,
1H), 7.50-7.41 (m, 5H), 7.16-7.06 (m, 1H), 7.02-6.90 (m, 3H), 5.31 (d, J = 1.5 Hz,
2H); 3¢ NMR (100 MHz, CDCl3) 6 182.0, 161.5, 151.9, 138.3, 135.8, 131.9, 131.4,
131.0, 129.7, 129.6, 129.0, 128.0, 127.9, 127.1, 126.2, 125.8, 125.4, 122.3, 122.0,
117.9, 67.0; HRMS (ESI) m/z calcd for Cy6H190, [M+H]" 363.1380; found 363.1380.
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(E)-3-((2E,4E)-hexa-2,4-dien-1-ylidene)chroman-4-one (1v)

A yellow solid; 780.6 mg, 69% yield; m.p. = 94-96 °C;'"H NMR (400 MHz, CDCl5)
§ 7.97 (dd, J=7.9, 1.8 Hz, 1H), 7.49-7.40 (m, 1H), 7.37-7.30 (m, 1H), 7.07-7.00 (m,
1H), 6.95 (d, J = 8.3 Hz, 1H), 6.69 (dd, J = 14.6, 10.8 Hz, 1H), 6.36-6.18 (m, 2H),
6.08-5.96 (m 1H), 5.15 (s, 2H), 1.84 (d, J = 8.4 Hz, 3H) ; *C NMR (100 MHz,
CDCls) 6 182.0, 161.4, 144.1, 136.8, 136.4, 131.6, 128.1, 127.9, 123.3, 122.6, 121.9,
117.9, 67.0, 18.8; HRMS (ESI) m/z calcd for CysHis0, [M+H]" 227.1067; found

227.1067.
O

S

(E)-3-((E)-3-phenylallylidene)thiochroman-4-one (1w)

A yellow solid; 1.14 g, 82% yield; m.p. = 101-103 °C:'H NMR (400 MHz, CDCl3) é
8.14 (dd, J = 7.9, 1.1 Hz, 1H), 7.51-7.42 (m, 3H), 7.37-7.25 (m. 5H), 7.23-7.17 (m,
1H), 7.09-7.00 (m, 2H), 4.01 (s, 2H); **C NMR (100 MHz, CDCls) § 185.3, 142.6,
141.0, 136.8, 136.2, 132.8, 130.9, 130.4, 129.4, 128.9, 127.9, 127.4, 125.8, 122.5,

28.8; HRMS (ESI) m/z calcd for C1gH150S [M+H]" 279.0838; found 279.0839.
0

|
O

(E)-3-((E)-3-(furan-2-yl)allylidene)chroman-4-one (1x)

A yellow solid; 883 mg, 70% yield; m.p. = 138-140 °C; *H NMR (400 MHz, CDCl5)
5 7.99 (dd, J = 7.8, 1.5 Hz, 1H), 7.52-7.38 (m, 3H), 7.08-7.02 (m, 1H), 6.97 (d, J =
8.3 Hz, 1H), 6.94-6.78 (m, 2H), 6.58 (d, J = 3.3 Hz, 1H), 6.48-6.44 (m, 1H), 5.23(s,
2H); **C NMR (100 MHz, CDCl3) & 181.9, 161.5, 152.4, 144.3, 135.6, 129.3, 129.1,
128.0, 122.5, 121.9, 120.1, 118.0, 113.2, 112.6, 67.1; HRMS (ESI) m/z calcd for
C16H1303 [M+H]" 253.0859; found 253.0859.

0
N\F
L 20
(E)-3-(benzofuran-2-ylmethylene)chroman-4-one (1z)
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A vyellow solid; 1.09 g, 79% yield; m.p. = 114-116 °C; *H NMR (400 MHz, CDCls) §
8.01 (dd, J = 7.9, 1.8 Hz, 1H), 7.60-7.56 (m, 2H), 7.50-7.43 (m, 2H), 7.38-7.33 (m,
1H), 7.24-7.22 (m, 1H), 7.06-6.97 (m, 3H), 5.71 (d, J = 1.9 Hz, 2H); **C NMR (100
MHz, CDCls) § 181.4, 161.6, 156.0, 152.7, 135.8, 127.9, 126.8, 123.7, 122.1, 122.0,
121.9, 118.0, 114.5, 111.5, 68.1; HRMS (ESI) m/z calcd for CigH1303 [M+H]
277.0859, found 277.0856.

— \ —
° U

(2)-2-((E)-3-phenylallylidene)benzofuran-3(2H)-one (1aa)
A yellow solid; '"H NMR (400 MHz, CDCls) & 7.65 (d, J = 5.9 Hz, 1H), 7.53-7.47
(m, 1H), 7.43 (d, J = 6.9 Hz, 2H), 7.29-7.19 (m, 4H), 7.18-7.12 (m, 1H), 7.09-7.03 (m,
1H), 6.89 (d, J = 15.8 Hz, 1H), 6.67 (d, J = 11.5 Hz, 1H); **C NMR (100 MHz, CDCl3)
8 183.8, 165.5, 147.5, 141.5, 136.7, 136.3, 129.4, 128.9, 127.5, 124.5, 123.3, 122.5,
120.7, 114.4, 112.8; HRMS (ESI) m/z calcd for C17H130, [M+H]" 249.0910, found
249.0910.

(0]

=
LS
-

(E)-3-(3-phenylprop-2-yn-1-ylidene)chroman-4-one (1ab)

A yellow solid; *H NMR (400 MHz, CDCl3) & 7.96 (d, J = 2.6 Hz, 1H), 7.54-7.51(m,
2H), 7.42-7.35 (m, 4H), 7.09 (s, 1H), 7.01 (d, J = 11.6 Hz, 1H), 6.95 (d, J = 8.7 Hz,
1H), 5.26 (d, J = 1.4 Hz, 1H); **C NMR (100 MHz, CDCls)  181.0, 160.0, 144.1,
137.0, 136.0, 135.5, 129.9, 129.1, 129.0, 128.3, 127.9, 127.7, 127.5, 127.3, 123.4,
121.6, 119.7, 67.3; HRMS (ESI) m/z calcd for C1gH;30,Br [M+H]" 457.1363, found

457.1365.
O

O OMe

(E)-3-((E)-3-(4-methoxyphenyl)allylidene)chroman-4-one (1ac)
A yellow solid; 1.15 g, 79% yield; m.p. = 108-110 °C; *H NMR (400 MHz, CDCls) &
8.01 (dd, J = 7.9, 1.8 Hz, 1H), 7.51-7.44 (m, 4H), 7.07-6.05 (m, 3H), 6.92-6.85 (m,
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3H), 5.24(d, J = 1.7 Hz, 2H), 3.8 (s, 3H); **C NMR (100 MHz, CDCl;) §182.0, 161.5,
161.0, 143.3, 136.7, 135.5, 129.2, 129.0, 128.0, 122.6, 122.0, 119.7, 118.0, 114.5,
67.1, 55.5; HRMS (ESI) m/z caled for CigHi7Os [M+H]" 293.1172; found
293.1174.

5. Representative procedure for this reaction

e} P1 (15 mol%)
= I . o
= Ph + P Cs,CO3 (6.0 equiv.) ,
djj/\ﬁ o T ph HO"\\-IIZL/@
o EA, rt. O / \Q
o -
1a 2a

()-3a

To a solution of EA (2.5 mL) were added conjugated diene benzopyranone
compounds 1a (0.10 mmol, 1.0 equiv.), 2a (0.20 mmol. 2.0 equiv.), Cs,CO; (0.60
mmol, 6.0 equiv.) and P1 (0.15 equiv.). The reaction mixture was stirred at room
temperature for 12 h. The solvent was evaporated to give the crude product, which
was directly purified by silica gel chromatography (Petroleum ether/ethy acetate = 3:1)

to afford the desired product 3a.

6. Characterization of the products (-3

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyclopenta[
b]benzofuran-3-yl)diphenylphosphine oxide (()-3a)

A white solid; 24.6 mg, 53% yield; m.p. = 178-181 °C; 'H NMR (400 MHz, CDCl3) 6
8.05-7.96 (m, 2H), 7.78-7.69 (m, 2H), 7.62-7.56 (m, 5H), 7.52-7.42 (m, 3H), 7.30-7.22
(m, 3H), 7.05 (td, J=7.6, 1.4 Hz, 1H), 6.75 (td, J = 7.6, 0.9 Hz, 1H), 6.66 (d, J = 8.0 Hz,
1H), 5.57 (t, J = 3.1 Hz, 1H), 5.22 (s, 1H), 4.22 (dd, J = 5.2, 2.9 Hz, 1H), 1.31 (s, 3H);
13C NMR (100 MHz, CDCl3) & 158.6, 149.1 (d, J = 10.0 Hz), 134.3 (d, J = 3.4 Hz),
132.8 (d, J = 16.5 Hz), 132.3 (d, J = 2.8 Hz), 132.1 (d, J = 2.6 Hz), 130.8 (d, J = 15.3
Hz), 130.8 (d, J = 2.7 Hz), 129.3, 129.1, 129.1, 128.9, 128.1, 128.0, 127.6 (d, J = 2.3
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Hz), 125.7, 122.2 (d, J = 8.7 Hz), 121.1, 110.2, 99.2 (d, J = 3.7 Hz), 92.9, 52.0 (d, J =
64.7 Hz), 18.1; *P NMR (162 MHz, CDCls) & 29.59; HRMS (ESI) m/z calcd for
C3oH2603P [l\/H'H]Jr 465.1614; found 465.16009.

O, . H

H
"’//\
P(O)Ph;h
(@]

(R*)-3-((S*,E)-1-(diphenylphosphoryl)-3-phenylallyl)chroman-4-one ((H-3a")

A white solid; m.p. = 173-175 °C; *H NMR (400 MHz, CDCl5) & 8.01-7.91 (m, 2H),
7.87-7.77 (m, 3H), 7.54-7.47 (m, 3H), 7.44-7.36 (m, 4H), 7.24-7.12 (m, 5H), 6.97-6.91
(m, 1H), 6.90 (d, J = 8.4 Hz, 1H), 6.58 (dd, J = 15.7, 3.2 Hz, 1H), 6.28-6.16 (m, 1H),
5.31 (dd, J = 11.4,, 5.4 Hz, 1H), 4.58-4.45 (m, 2H), 3.30-3.17 (m, 1H); *C NMR (100
MHz, CDCl3) 6 191.3 (d, J = 13.2 Hz), 161.8, 138.1 (d, J = 12.0 Hz), 136.3 (d,J=1.6
Hz), 136.2, 132.3, 132.2 (d, J = 2.6 Hz), 131.8 (d, J = 3.0 Hz), 131.3,131.1(d,J=2.8
Hz), 131.0 (d, J = 2.8 Hz), 130.9, 129.2 (d, J = 11.3 Hz), 128.6 (d, J = 11.7 Hz), 128.5,
127.7 (d, J = 45.1 Hz), 126.4, 121.4, 120.8 (d, J = 1.4 Hz), 118.8 (d, J = 6.1 Hz), 118.0,
68.7, 46.1, 39.4 (d, J = 71.7 Hz); *'P NMR (162 MHz, CDCls) 5 34.32; HRMS (ESI)
m/z calcd for CaogH2603P [M+H]" 465.1614; found 465.1614.

((35*,3aS*,8bS*)-8b-hydroxy-3a,7-dimethyl-1-phenyl-3a,8b-dihydro-3H-cyclope
nta[b]benzofuran-3-yl)diphenylphosphine oxide ((3-3b)

A white solid; 25.8 mg, 54% vyield; m.p. = 153-155 °C; *H NMR (400 MHz, CDCl3) &
8.04-7.95 (m, 2H), 7.77-7.70 (m, 2H), 7.63-7.54 (m, 5H), 7.49-7.40 (m, 3H), 7.28-7.23
(m, 3H), 7.12 (d, J=1.8 Hz, 1H), 6.84 (dd, J = 8.1, 1.1 Hz, 1H), 6.56 (d, J = 8.1 Hz, 1H),
5.60 (t, J = 3.1 Hz, 1H), 5.21 (s, 1H), 4.23 (dd, J = 5.3, 3.0 Hz, 1H), 2.14 (s, 3H), 1.31 (s,
3H); *C NMR (100 MHz, CDCls) 6 156.6 , 149.1 (d, J = 9.9 Hz), 134.3 (d, J = 3.4 Hz),
132.9 (d, J=15.7 Hz), 132.3 (d, J = 2.8 Hz), 132.1 (d, J = 2.7 Hz), 132.0, 131.8, 130.8
(d, J=7.0 Hz), 130.8 (d, J = 7.1 Hz), 130.4, 129.5, 129.2 (d, J = 11.6 Hz), 129.0 (d, J =
11.8 Hz), 128.1, 128.9, 127.6 (d, J = 2.2 Hz), 126.2, 122.2 (d, J=8.7 Hz), 109.7, 99.2
(d, J=3.6 Hz), 92.9 (d, J = 1.8 Hz), 52.0 (d, J = 64.5 Hz), 20.9, 18.0; *'P NMR (162
MHz, CDCl3) § 29.61; HRMS (ESI) m/z calcd for C3;H2303P [M+H]" 479.1771; found
479.1778.
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((35*,3aS*,8bS*)-7-bromo-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cy
clopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((3-3c)

A white solid; 29.9 mg, 55% vyield; m.p. = 141-143 °C; *H NMR (400 MHz, CDCl5) &
8.03-7.95 (m, 2H), 7.76-7.67 (m, 2H), 7.61-7.53 (m, 5H), 7.51-7.41 (m, 4H), 7.38 (d, J
=2.1 Hz, 1H), 7.30-7.26 (m, 2H), 7.14 (dd, J = 8.5, 2.2 Hz, 1H), 6.53 (d, J = 8.5 Hz,
1H), 5.59 (t, J = 3.1 Hz, 1H), 5.29 (s, 1H), 4.20 (dd, J = 5.3, 2.9 Hz, 1H), 1.28 (s, 3H);
3¢ NMR (100 MHz, CDCl3) & 157.8 , 148.7 (d, J = 10.0 Hz), 133.9 (d, J = 3.4 Hz),
132.7, 132.6 (d, J = 5.0 Hz), 132.4 (d, J = 2.7 Hz), 132.3 (d, J = 2.9 Hz), 132.0, 131.9,
131.6 (d, J = 23.2 Hz), 130.9 (d, J = 5.1 Hz), 130.8 (d, J = 5.4 Hz), 130.7, 129.8, 129.3
(d, J =11.7 Hz), 129.0 (d, J = 12.1 Hz), 128.8, 128.7, 128.4, 128.3, 127.4 (d, J = 2.3
Hz), 122.7 (d, J = 8.8 Hz), 113.0, 111.9, 100.1 (d, J = 3.7 Hz), 92.7,51.9 (d, J = 64.2
Hz), 18.0; 3P NMR (162 MHz, CDCls) & 29.60; HRMS (ESI) m/z calcd for
CaoH25BrOsP [M+H]* 543.0719; found 543.0723.

((35*,3aS*,8bS*)-7-fluoro-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyc
lopenta[b]benzofuran-3-yl)diphenylphosphine oxide (()-3d)

A white solid; 26.0 mg, 54% vyield; m.p. = 145-146 °C; *H NMR (400 MHz, CDCl5) &
8.05-7.96 (m, 2H), 7.78-7.68 (m, 2H), 7.64-7.54 (m, 5H), 7.52-7.40 (m, 3H), 7.32-7.21
(m, 3H), 7.01 (dd, J = 7.9, 2.7 Hz, 1H), 6.72 (td, J = 8.8, 2.8 Hz, 1H), 6.57 (dd, J = 8.7,
4.0 Hz, 1H), 5.62 (s, 1H), 5.37 (s, 1H), 4.28-4.20 (m, 1H), 1.32 (s, 3H); **C NMR (100
MHz, CDCls3) & 157.6 (d, J = 236.8 Hz), 154.6, 148.7 (d, J = 10.0 Hz), 134.1 (d, J=3.0
Hz), 132.6 (d, J=5.0 Hz), 132.4 (d, J = 2.8 Hz), 132.2 (d, J=2.9 Hz), 131.9 (d, J =
10.4 Hz), 131.6 (d, J=22.3 Hz), 130.9 (d, J=5.4 Hz), 130.8 (d, J=5.8 Hz), 129.2 (d, J
=21.6 Hz), 129.0 (d, J=21.5 Hz), 128.7 (d, J = 13.2 Hz), 128.3, 128.2,127.4 (d, J =
2.2 Hz), 122.7 (d, J = 8.6 Hz), 115.4 (d, J = 24.4 Hz), 112.8 (d, J = 24.8 Hz), 110.5 (d, J
= 8.5 Hz), 100.0 (d, J = 3.9 Hz), 92.8, 52.0 (d, J = 64.3 Hz), 17.9; *'P NMR (162 MHz,
CDCls) 6 29.67; *F NMR (376 MHz, CDCls) & -122.89; HRMS (ESI) m/z calcd for
Ca3oH24FNaOsP [M+Na]* 505.1339; found 505.1340.
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((35*,3aS*,8bS*)-6-bromo-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cy

clopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3e)

A white solid; 31.5 mg, 58% vyield; m.p. = 136-138 °C; *H NMR (400 MHz, CDCl5) &
8.04-7.95 (m, 2H), 7.76-7.68 (m, 2H), 7.61-7.54 (m, 5H), 7.49-7.41 (m, 3H), 7.32-7.26
(m, 2H), 6.99 (dd, J = 7.9, 2.7 Hz, 1H), 6.72 (td, J = 8.8, 2.8 Hz, 1H), 6.56 (dd, J = 8.8,
4.0 Hz, 1H), 5.60 (t, J = 3.2 Hz, 1H), 5.30 (s, 1H), 4.21 (dd, J = 5.3, 2.9 Hz, 1H), 1.30 (s,
3H); *C NMR (100 MHz, CDCl3) § 158.8, 156.5, 154.6, 148.7 (d, J = 9.4 Hz), 134.1
(d, J=3.5Hz), 132.7 (d, J = 15.7 Hz), 132.4 (d, J = 2.7 Hz), 132.2 (d, J = 2.7 Hz),
131.7 (d, J = 22.6 Hz), 130.9 (d, J = 5.5 Hz), 130.8 (d, J = 5.8 Hz), 129.3 (d, J = 11.6
Hz), 129.0 (d, J = 12.0 Hz), 128.3, 128.2, 127.5 (d, J = 2.2 Hz), 122.7 (d, J = 8.7 Hz),
115.4 (d, J = 24.4 Hz), 112.9 (d, J = 25.2 Hz), 110.5 (d, J = 8.4 Hz), 100.0 (d, J = 3.7
Hz), 92.8, 52.0 (d, J = 64.2 Hz), 17.9; 3P NMR (162 MHz, CDCls) & 29.61; HRMS
(ESI) m/z calcd for C5oH2sBrOsP [M+H]" 543.0719; found 543.0719.

((35*,3aS*,8bS*)-6-fluoro-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyc
lopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3f)

A white solid; 27.5 mg, 57% vield; m.p. = 147-148 °C; *H NMR (400 MHz, CDCls) &
8.05-7.97 (m, 2H), 7.94-7.87 (m, 1H), 7.77-7.70 (m, 2H), 7.60-7.56 (m, 4H), 7.49-7.43
(m, 3H), 7.30-7.23 (m, 2H), 7.23-7.16 (m, 2H), 6.48-6.40 (m, 1H), 6.38 (dd, J = 9.3,
2.2 Hz, 1H), 5.57 (t, J = 3.0 Hz, 1H), 5.25 (s, 1H), 4.21 (dd, J = 5.2, 2.8 Hz, 1H), 1.31 (s,
3H); *C NMR (100 MHz, CDCl3) § 163.7 (d, J = 243.3 Hz), 162.5, 159.8 (d, J = 13.1
Hz), 149.0 (d, J = 9.8 Hz), 134.1 (d, J = 3.4 Hz), 132.6, 132.4 (d, J = 2.8 Hz), 132.2 (d,
J=2.6 Hz), 131.9 (d, J = 10.3 Hz), 130.9 (d, J = 4.0 Hz), 130.8 (d, J = 4.3 Hz), 129.3 (d,
J=11.7 Hz), 129.0 (d, J = 11.9 Hz), 128.7 (d, J = 13.3 Hz), 128.2, 128.1, 127.5 (d, J =
2.3 Hz),126.2 (d,J = 10.5 Hz), 124.4 (d, J = 69.4 Hz), 122.1 (d, J = 8.6 Hz), 120.9 (d, J
= 4.8 Hz), 107.8 (d, J = 22.6 Hz), 100.4 (d, J = 3.8 Hz), 98.8 (d, J = 26.3 Hz), 92.3, 51.9
(d, J = 64.5 Hz), 18.1; *'P NMR (162 MHz, CDCl3) 5 29.61; °F NMR (376 MHz,
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CDCls) & -112.50; HRMS (ESI) m/z calcd for CgoHasFOsP [M+H]" 483.1520; found
483.1521.

((35*,3aS*,8bS*)-1-(4-bromophenyl)-8b-hydroxy-3a-methyl-3a,8b-dihydro-3H-c
yclopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-39)

A white solid; 29.9 mg, 55% yield; m.p. = 160-161 °C; *H NMR (400 MHz, CDCl5) &
8.06-7.95 (m, 2H), 7.76-7.67 (m, 2H), 7.64-7.54 (m, 3H), 7.54-7.42 (m, 5H), 7.40-7.35
(m, 2H), 7.27-7.24 (m, 1H), 7.10-7.03 (m, 1H), 6.77 (td, J = 7.4, 0.6 Hz, 1H), 6.66 (d, J
=8.0 Hz, 1H), 5.56 (t, J = 3.1 Hz, 1H), 5.27 (s, 1H), 4.20 (dd, J = 5.2, 2.9 Hz, 1H), 1.29
(s, 3H); **C NMR (100 MHz, CDCls) 5 158.6, 148.1 (d, J = 9.8 Hz), 133.2 (d, J = 3.5
Hz), 132.7 (d, J = 6.2 Hz), 132.4 (d, J= 2.8 Hz), 132.2 (d, J = 2.7 Hz), 132.0 (d, J =13.1
Hz), 131.4, 130.9 (d, J = 9.1 Hz), 130.8 (d, J = 9.3 Hz), 129.3, 129.2, 129.2 (d, J=2.4
Hz), 129.1 (d, J = 12.0 Hz), 127.9, 125.6, 122.8 (d, J = 8.7 Hz), 122.2, 121.3, 110.3,
99.1 (d, J = 3.7 Hz), 92.7, 52.1 (d, J = 64.2 Hz), 18.0; *P NMR (162 MHz, CDCls) 5
29.70; HRMS (ESI) m/z calcd for CzgH,sBrOsP [M+H]" 543.0719; found 543.0719.

((35*,3aS*,8bS*)-1-(4-chlorophenyl)-8b-hydroxy-3a-methyl-3a,8b-dihydro-3H-cy
clopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3h)

A white solid; 27.4 mg, 55% yield; m.p. = 168-170 °C; *H NMR (400 MHz, CDCl5) &
8.05-7.95 (m, 2H), 7.77-7.67 (m, 2H), 7.62-7.55 (m, 3H), 7.55-7.51 (m, 2H), 7.51-7.42
(m, 3H), 7.28-7.20 (m, 3H), 7.06 (td, J=7.9, 1.3 Hz, 1H), 6.76 (t, J = 7.5 Hz, 1H), 6.66
(d, J=8.0 Hz, 1H), 5.55 (t, J = 3.0 Hz, 1H), 5.45-5.15 (m, 1H), 4.21 (dd, J = 5.4, 2.9 Hz,
1H), 1.29 (s, 3H); **C NMR (100 MHz, CDCl3) 5 158.6 , 148.1 (d, J = 9.9 Hz), 133.9,
132.7 (d, J = 3.4 Hz), 132.7 (d, J = 6.3 Hz), 132.4 (d, J = 2.6 Hz), 132.2 (d, J = 2.8 HZ),
131.7 (d, J = 13.0 Hz), 130.9 (d, J = 9.0 Hz), 130.8 (d, J = 9.4 Hz), 129.3, 129.2, 129.1
(d, J=11.9 Hz), 128.9 (d, J = 2.3 Hz), 128.4, 127.9, 125.6, 122.7 (d, J = 8.7 Hz), 121.2,
110.3, 99.1 (d, J = 3.6 Hz), 92.8, 52.1 (d, J = 64.3 Hz), 18.0; *'P NMR (162 MHz,
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CDCls) § 29.75; HRMS (ESI) m/z calcd for CaoHpsCIOsP [M+H]* 499.1224, found
499.1226.

((35*,3aS*,8bS*)-1-(4-fluorophenyl)-8b-hydroxy-3a-methyl-3a,8b-dihydro-3H-cy
clopenta[b]benzofuran-3-yl)diphenylphosphine oxide (()-3i)

A white solid; 28.0 mg, 58% yield; m.p. = 176-178 °C; 'H NMR (400 MHz, CDCl3) 6
8.04-7.96 (m, 2H), 7.76-7.68 (m, 2H), 7.61-7.53 (m, 5H), 7.51-7.42 (m, 3H), 7.27-7.23
(m, 1H), 7.06 (t, J = 7.6 Hz, 1H), 6.97-6.91 (m, 2H), 6.76 (t, J = 7.4 Hz, 1H), 6.67 (d, J
=8.0 Hz, 1H), 5.52 (t, J = 3.2 Hz, 1H), 5.25 (s, 1H), 4.22 (dd, J = 5.2, 2.9 Hz, 1H), 1.20
(s, 3H); *C NMR (100 MHz, CDCl3) 6 162.7 (d, J = 245.5 Hz), 158.7, 148.2 (d, J = 9.9
Hz), 132.8 (d, J = 8.5 Hz), 132.4 (d, J = 2.8 Hz), 132.2 (d, J = 2.8 Hz), 130.9 (d, J = 9.1
Hz), 132.8 (d, J = 8.8 Hz), 129.4 (d, J = 2.3 Hz), 129.3, 129.3 (d, J = 2.2 Hz), 129.2 (d,
J=2.5Hz),129.1 (d,J =12.0 Hz), 128.0, 125.6, 122.1 (d, J = 8.7 Hz), 121.4, 115.1 (d,
J=21.1Hz), 110.3, 99.1 (d, J = 3.6 Hz), 92.8 (d, J = 2.2 Hz), 51.9 (d, J = 64.3 Hz),
18.0; *P NMR (162 MHz, CDCls) § 29.71; **F NMR (376 MHz, CDCls) 6 -113.82;
HRMS (ESI) m/z calcd for CsoHasFOsP [M+H]" 483.1520, found 483.1521.

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-(m-tolyl)-3a,8b-dihydro-3H-cyclopent
a[b]benzofuran-3-yl)diphenylphosphine oxide ((-3j)

A white solid; 26.8 mg, 56% vyield; m.p. = 158-161 °C; *H NMR (400 MHz, CDCl5) &
8.06-7.96 (m, 2H), 7.78-7.70 (m, 2H), 7.62-7.54 (m, 3H), 7.54-7.36 (m, 5H), 7.29 (dd,
J=7.4,1.1Hz, 1H), 7.15 (t, J = 7.6 Hz, 1H), 7.08-7.02 (m, 2H), 6.76 (td, J = 7.4, 0.8
Hz, 1H), 6.67 (d, J =8.0 Hz, 1H), 5.57 (t, J = 3.0 Hz, 1H), 5.21 (s, 1H), 4.23 (dd, J=5.2,
2.9 Hz, 1H), 2.29 (s, 3H), 1.31 (s, 3H); *C NMR (100 MHz, CDCl3) 5 158.6 , 149.3 (d,
J=9.9 Hz), 137.6, 134.2 (d, J = 3.4 Hz), 132.9 (d, J = 18.1 Hz), 132.3 (d, J = 2.8 Hz),
132.1 (d, J = 2.7 Hz), 131.9 (d, J = 25.2 Hz), 130.8 (dd, J = 8.9, 4.9 Hz), 129.1 (dd, J =
20.3, 11.6 Hz), 128.9 (d, J = 23.3 Hz), 128.3 (d, J = 2.2 Hz), 128.2, 128.0, 125.8, 124.7
(d,J=2.2 Hz), 122.0 (d, J = 8.7 Hz), 121.1, 110.2, 99.2 (d, J = 3.7 Hz), 92.9, 52.0 (d, J
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= 64.7 Hz), 21.6, 18.1; *'P NMR (162 MHz, CDCl3) & 29.60; HRMS (ESI) m/z calcd
for CaiHzs0P [M+H]" 479.1771, found 479.1771.

((35*,3aS*,8bS*)-7-bromo-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cy
clopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3k)

A white solid; 28.4 mg, 57% yield; m.p. = 165-167 °C; *H NMR (400 MHz, CDCl5) &
8.04-7.96 (m, 2H), 7.76-7.69 (m, 2H), 7.63-7.42 (m, 9H), 7.22-7.18 (m, 2H), 7.07 (td, J
=7.8, 1.3 Hz, 1H), 6.77 (td, J = 7.5, 1.0 Hz, 1H), 6.66 (d, J = 8.0 Hz, 1H), 5.60 (t, J =
3.1 Hz, 1H), 5.29 (s, 1H), 4.23 (dd, J = 5.4, 2.9 Hz, 1H), 1.29 (s, 3H); *C NMR (100
MHz, CDCl3) 6 158.5, 147.8 (d, J = 10.0 Hz), 136.0 (d, J = 3.0 Hz), 133.0, 132.5 (d, J
=13.1Hz),132.3 (d, J= 2.7 Hz), 132.1 (d, J = 2.7 Hz), 131.8 (d, J = 10.4 Hz), 131.5 (d,
J=20.2 Hz), 130.7 (d, J = 9.4 Hz), 130.6 (d, J = 9.4 Hz), 129.3 (d, J = 13.1 Hz), 129.1
(d, J=2.6 Hz), (d, J=12.0 Hz), 128.6 (d, J = 13.5 Hz), 128.0, 127.8, 127.5 (d,J = 2.3
Hz), 125.6 (d, J = 2.2 Hz), 125.5, 123.3 (d, J = 8.7 Hz), 121.2, 110.2, 99.0 (d, J=3.7
Hz), 92.6 (d, J = 2.1 Hz), 52.0 (d, J = 64.2 Hz), 17.9; *P NMR (162 MHz, CDCl3) &
29.72; HRMS (ESI) m/z calcd for C5oH25ClIOsP [M+H]" 499.1224; found 499.1226.

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-(3-(trifluoromethyl)phenyl)-3a,8b-dih
ydro-3H-cyclopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3I)

A white solid; 33.6 mg, 63% vyield; m.p. = 189-191 °C; *H NMR (400 MHz, CDCl5) &
8.05-7.95 (m, 2H), 7.85-7.77 (m, 2H), 7.77-7.69 (m, 2H), 7.63-7.56 (m, 3H), 7.53-7.43
(m, 4H), 7.38 (td, J = 7.8 Hz, 1H), 7.27-7.22 (m, 1H), 7.07 (td, J = 7.8, 1.3 Hz, 1H),
6.77 (d, J = 7.4, 0.6 Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 5.66 (t, J = 3.1 Hz, 1H), 5.36 (5,
1H), 4.25 (dd, J = 5.4, 3.0 Hz, 1H), 1.30 (s, 3H); *C NMR (100 MHz, CDCl3) & 158.7,
147.8 (d,J = 9.7 Hz), 135.0 (d, J = 2.8 Hz), 132.6 (d, J = 2.9 Hz), 132.5 (d, J = 38.8 Hz),
132.3(d, J = 2.6 Hz), 131.9 (d, J = 10.3 Hz), 131.6 (d, J = 17.2 Hz), 130.8 (d, J = 10.5
Hz), 130.7 (d, J = 9.4 Hz), 129.8, 129.3 (d, J = 5.9 Hz), 129.2 (d, J = 4.1 Hz), 128.9 (d,
J=28.2 Hz), 128.7, 127.8,125.5, 124.7 (d, J =10.4 Hz), 124.4, 124.2 (q, J = 271.0 Hz),

123.7 (d, J=8.7 Hz), 121.3, 120.9 (d, J = 4.7 Hz), 110.4, 99.1 (d, J = 3.6 Hz), 92.7 (d, J
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=1.8 Hz), 52.1 (d, J = 63.9 Hz), 18.0; *'P NMR (162 MHz, CDCls) § 29.82; *F NMR
(376 MHz, CDC|3) 0 -62.62; HRMS (ES|) m/z calcd for Ca1HpsF303P ['\/H‘H]Jr
533.1488; found 533.1490.

((35*,3aS*,8bS*)-1-(2-bromophenyl)-8b-hydroxy-3a-methyl-3a,8b-dihydro-3H-c
yclopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-3n)

A white solid; 26.0 mg, 48% vyield; m.p. = 240-241 °C; *H NMR (400 MHz, CDCls) &
8.07-7.97 (m, 2H), 7.83-7.73 (m, 2H), 7.63-7.56 (m, 3H), 7.48-7.38 (m, 4H), 7.25-7.19
(m, 2H), 7.15-7.05 (m, 2H), 6.78-6.68 (m, 3H), 5.47 (t, J = 2.8 Hz, 1H), 5.12 (s, 1H),
4.29 (dd, J =5.0, 3.0 Hz, 1H), 1.33 (s, 3H); *C NMR (100 MHz, CDCl3) 5 159.0, 147.5
(d,J=10.1 Hz), 132.9, 132.7, 132.5, 132.4 (d, J = 2.7 Hz), 132.2 (d, J = 2.6 Hz), 131.2
(d, J = 3.3 Hz), 130.9 (d, J = 0.9 Hz), 130.8 (d, J = 1.2 Hz), 129.3 (d, J = 1.1 Hz), 129.2,
129.1 (d, J=2.4 Hz), 129.0, 127.2, 126.5, 126.1 (d, J =8.2 Hz), 125.0, 121.2, 110.1,
98.1 (d, J = 3.7 Hz), 93.7 (d, J = 2.4 Hz), 52.2 (d, J = 64.0 Hz), 18.1; *'P NMR (162
MHz, CDCl3) & 29.45; HRMS (ESI) m/z calcd for CaoHasBrOsP [M+H]" 543.0719;
found 543.0723.

((35*,3aS*,8bS*)-1-(anthracen-9-yl)-8b-hydroxy-3a-methyl-3a,8b-dihydro-3H-cy
clopenta[b]benzofuran-3-yl)diphenylphosphine oxide ((-30)

A white solid; 26.6 mg, 46% yield; m.p. = 189-190 °C °C;'H NMR (400 MHz,
CDCl3) 6 8.93 (d, J =9.0, 0.6 Hz, 1H), 8.19-8.07 (m, 2H), 7.99 (d, J = 8.5 Hz, 1H),
7.95-7.85 (m, 2H), 7.80 (d, J = 8.6 Hz, 1H), 7.75-7.69 (m, 1H), 7.68-7.61 (m, 3H),
7.57-7.49 (m, 1H), 7.43-7.33 (m, 3H), 7.20-7.12 (m, 1H), 7.07-6.98 (m, 1H), 6.80 (d,
J =8.0 Hz, 1H), 6.75-6.66 (m, 2H), 6.28 (td, J = 7.4, 0.8 Hz, 1H), 6.10(d,J=7.4, 1.0
Hz, 1H), 5.64 (t, J = 2.8 Hz, 1H), 5.20 (s, 1H), 4.50 (dd, J = 4.4, 2.8 Hz, 1H), 1.45 (s,
3H);**C NMR (100 MHz, CDCl5) & 159.0, 146.9 (d, J = 10.0 Hz), 132.9, 134.4 (d, J =
38.9 Hz), 132.3 (d, J = 38.8 Hz), 131.8 (d, J = 16.9 Hz), 131.6 (d, J = 20.3 Hz), 131.3,

S-22



130.9 (d, J = 9.0 Hz), 130.8 (d, J = 9.1 Hz), 129.4 (d, J = 11.7Hz), 129.2 (d, J = 4.8 Hz),
129.0,128.2 (d, J=18.3 Hz), 127.9 (d, J =8.3 Hz), 127.5, 126.9, 125.7 (d, J = 20.5 Hz),
125.4 (d, J = 9.6 Hz), 122.4 (d, J = 27.5 Hz), 121.4, 109.9, 98.5 (d, J = 3.8 Hz), 95.4,
52.8 (d, J = 60.4 Hz), 18.6; *'P NMR (162 MHz, CDCly) & 30.66; HRMS (ESI) m/z
calcd for CagHz,0sP [M+H]" 579.2084; found 579.2080.

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyclopenta[

b]benzofuran-3-yl)di-p-tolylphosphine oxide ((-3p)

A white solid; 30.0 mg, 61% vyield; m.p. = 163-165 °C; *H NMR (400 MHz, CDCls) &
7.89 (dd, J=11.2, 8.1 Hz, 2H), 7.66-7.57 (m, 4H), 7.37 (dd, J = 8.0, 2.6 Hz, 2H), 7.32
(dd, J=7.5, 1.0 Hz, 1H), 7.29-7.18 (m, 5H), 7.05 (td, J = 7.9, 1.4 Hz, 1H), 6.75 (td, J =
7.4, 0.7 Hz, 1H), 6.68 (d, J = 8.0 Hz, 1H), 5.62 (d, J = 3.1 Hz, 1H), 5.37 (s, 1H), 4.22
(dd, J =5.5, 2.9 Hz, 1H), 2.42 (s, 3H), 2.34 (s, 3H), 1.35 (s, 3H); *C NMR (100 MHz,
CDCl3) 8 158.7,148.8 (d, J=9.9 Hz), 142.7 (d, J = 2.8 Hz), 142.5 (d, J = 2.7 Hz), 134.4
(d, J = 3.2 Hz), 130.8 (d, J = 1.4 Hz), 130.7 (d, J = 1.9 Hz), 129.9 (d, J = 12.1 Hz),
129.7 (d, J = 8.0 Hz), 129.7 (d, J = 12.3 Hz), 128.9, 128.7 (d, J = 15.2 Hz), 128.2, 128.0,
127.9,127.6 (d, J=2.1 Hz), 125.7, 122.5 (d, J = 8.7 Hz), 121.0, 110.1, 99.2 (d, J = 3.6
Hz), 92.8 (d, J = 1.9 Hz), 52.1 (d, J = 64.4 Hz), 21.6 (d, J = 10.2 Hz), 18.0; *P NMR
(162 MHz, CDCls) § 30.15; HRMS (ESI) m/z calcd for CsHagOsP [M+H]* 493.1927;
found 493.1929.

Ph o)
OPh
HO/". ‘\\B%
‘ o~ QOPh

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyclopenta[
b]benzofuran-3-yl)bis(4-phenoxyphenyl)phosphine oxide (()-3q)

A white solid; 40.8mg, 63% yield; m.p. = 181-183 °C; *H NMR (400 MHz, CDCl5) &
8.63 (dd, J = 10.6, 8.6 Hz, 1H), 7.70-7.58 (m, 4H), 7.45-7.34 (m, 4H), 7.32-7.18 (m,
6H), 7.14 (d, J=8.6, 2.0 Hz, 2H), 7.09 (d, J = 8.3 Hz, 2H), 7.07-6.98 (m, 5H), 6.76 (t, J
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=7.4Hz, 1H), 6.67 (d, J = 8.0 Hz, 1H), 5.64 (d, J = 2.8 Hz, 1H), 5.24 (s, 1H), 4.16 (dd,
J=4.9, 2.8 Hz, 1H), 1.35 (s, 3H); **C NMR (100 MHz, CDCl3) § 161.4 (d, J = 2.9 Hz),
161.3 (d, J = 2.8 Hz), 158.6, 155.3 (d, J = 4.5 Hz), 149.1 (d, J = 9.8 Hz), 134.4 (d, J =
3.3 Hz), 132.8 (d, J = 10.5 Hz), 130.2 (d, J = 6.3 Hz), 129.1, 128.1, 128.0, 127.6 (d, J =
1.9 Hz), 126.2, 125.7, 125.2 (d, J = 8.1 Hz), 124.9 (d, = 7.3 Hz), 122.3 (d, J = 8.7 Hz),
121.1, 120.4 (d, J = 1.3 Hz), 118.1 (d, J = 12.6 Hz), 117.9 (d, J = 12.7 Hz), 110.2, 99.2
(d, J=3.5 Hz), 92.8, 52.2 (d, J = 65.3 Hz), 18.1; *'P NMR (162 MHz, CDCls) § 29.50;
HRMS (ESI) m/z calcd for C4,H340sP [M+H]" 649.2138; found 649.2140.

Ph
HO, DRy OoMe
O /"‘l\P;
o~ OMe

((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihydro-3H-cyclopenta[
b]benzofuran-3-yl)bis(4-methoxyphenyl)phosphine oxide ((-3r)

A white solid; 32.5 mg, 62% yield; m.p. = 175-177 °C; 'H NMR (400 MHz, CDCl3) 6
7.89 (dd, J = 10.7, 8.7 Hz, 2H), 7.64-7.56 (m, 4H), 7.32-7.20 (m, 5H), 7.07 (d, J = 8.8,
2.0 Hz, 2H), 7.03 (dd, J = 7.6, 1.0 Hz, 1H), 6.92 (dd, J = 8.7, 2.1 Hz, 2H), 6.74 (td, J =
7.4, 0.7 Hz, 1H), 6.65 (d, J = 8.0 Hz, 1H), 5.58 (t, J = 3.0 Hz, 1H), 5.31 (s, 1H), 4.11
(dd, J = 5.4, 2.9 Hz, 1H), 3.87 (s, 3H), 3.80 (s, 3H), 1.31 (s, 3H); **C NMR (100 MHz,
CDCl3) 6 162.7 (d, J = 2.5 Hz), 162.5 (d, J = 2.6 Hz), 158.7, 148.7 (d, J = 9.7 Hz),
134.5,132.7 (d, J = 4.1 Hz), 132.6 (d, J = 3.5 Hz), 129.0, 128.3, 128.1, 127.9, 127.6 (d,
J=1.9 Hz), 125.8, 124.2 (d, J = 16.7 Hz), 123.1 (d, J = 9.8 Hz), 122.6 (d, J = 8.7 Hz),
121.1,114.8 (d, J = 12.5 Hz), 114.5 (d, J = 12.9 Hz), 110.2, 99.3, 92.8, 55.51 (d, J = 8.2
Hz), 52.3 (d, J = 65.2 Hz), 18.1;*'P NMR (162 MHz, CDCl3) § 29.92; HRMS (ESI) m/z
calcd for C3,H300sP [M+H]" 525.1825; found 525.1829.

bis(3-chlorophenyl)((35*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-dihy
dro-3H-cyclopenta[b]benzofuran-3-yl)phosphine oxide ((-3s)

A white solid; 30.9 mg, 58% vyield; m.p. = 178-180 °C; 'H NMR (400 MHz,
DMSO-d6) & 8.31 (s, 1H), 8.19 (d, J = 11.4 Hz, 1H), 8.11 (dd, J = 10.7, 7.4 Hz, 1H),
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8.01 (d, J = 11.4 Hz, 1H), 7.95 (dd, J = 10.6, 7.6 Hz, 1H), 7.76-7.69 (m, 3H), 7.69-7.61
(m, 2H), 7.57 (td, J = 7.7, 3.2 Hz, 1H), 7.35-7.23 (m, 3H), 7.18 (d, J = 7.4 Hz, 1H),
7.11 (t, J =7.5 Hz, 1H), 6.80-6.71 (m, 2H), 5.86 (s, 1H), 5.74 (t, J = 3.3 Hz, 1H), 4.88
(dd, J = 8.8, 2.5 Hz, 1H),1.27 (s, 3H); *C NMR (100 MHz, DMSO-d6) 5 158.1, 147.2
(d, J=10.8 Hz), 136.4, 135.5 (d, J = 5.3 Hz), 134.6, 134.2 (d, J= 9.2 Hz), 132.1 (d, J =
9.3 Hz), 133.6 (d, J = 3.2 Hz), 132.2 (d, J = 10.8, 2.4 Hz), 131.3 (d, J = 12.5 Hz), 131.1
(d, J =12.4 Hz), 130.0 (d, J = 3.2 Hz), 129.9 (d, J = 3.1 Hz), 129.4, 129.3 (d, J =6.3
Hz), 129.2 (d, J = 6.9 Hz), 128.6 (d, J = 1.5 Hz), 128.2, 128.0, 127.2 (d, J = 0.9 Hz),
125.2, 122.8 (d, J = 7.0 Hz), 120.6, 110.2, 99.0, 92.8, 79.2, 51.9 (d, J = 66.9 Hz), 18.2;
3P NMR (162 MHz, DMSO-d6) & 26.03; HRMS (ESI) m/z calcd for CaoH4Cl,05P
[M+H]* 533.0835; found 533.0836.

bis(3,5-dimethylphenyl)(( 3S*,3aS*,8bS*)-8b-hydroxy-3a-methyl-1-phenyl-3a,8b-
dihydro-3H-cyclopenta[b]benzofuran-3-yl)phosphine oxide ((-3t)

A white solid; 32.3 mg, 62% yield; m.p. = 150-151 °C; 'H NMR (400 MHz, CDCl3) 6
7.62-7.57 (m, 3H), 7.57 (s, 1H), 7.34 (d, J = 11.8 Hz, 2H), 7.31 (dd, J = 7.6, 0.8 Hz,
1H), 7.28-7.20 (m, 3H), 7.18 (s, 1H), 7.09 (s, 1H), 7.05 (td, J = 7.9, 1.3 Hz, 1H),
6.79-6.72 (m, 1H), 6.67 (d, J = 8.0 Hz, 1H), 5.62 (d, J = 3.0 Hz, 1H), 5.24 (s, 1H), 4.24
(dd, J =5.4, 2.8 Hz, 1H), 2.41 (s, 6H), 2.31 (s, 6H), 1.33 (s, 3H); *C NMR (100 MHz,
CDCls) & 158.7, 148.8 (d, J = 9.8 Hz), 138.9 (d, J = 12.3 Hz), 138.7 (d, J = 12.5
Hz),134.4 (d, J = 3.3 Hz), 134.0 (d, J = 2.7 Hz), 133.8 (d, J = 2.7 Hz), 132.9(d, J = 27.4
Hz), 132.0 (d, J = 34.3 Hz), 129.0, 128.3 (d, J = 6.4 Hz), 128.2 (d, J = 4.0 Hz), 128.1 (d,
J=6.3Hz),128.0 (d, J = 16.2 Hz), 127.6 (d, J = 2.1 Hz), 125.8, 122.7 (d, J = 8.5 Hz),
121.1, 110.1, 99.3 (d, J = 3.6 Hz), 92.8, 51.7 (d, J = 63.8 Hz), 21.6, 21.5, 18.1; *'P
NMR (162 MHz, CDCl3) & 29.91; HRMS (ESI) m/z calcd for CasHssOsP [M+H]"
521.2240; found 521.2242.
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0 H///Ph

H o

0 Q
(R*)-3-((S*,E)-1-(bis(3,5-dimethylphenyl)phosphoryl)-3-phenylallyl)chroman-4-o
ne ((H-3t)

A light yellow solid; m.p. = 131-132 °C; *H NMR (400 MHz, CDCl3) & 7.85 (dd, J =
7.9, 1.6 Hz, 1H), 7.53 (d, J = 11.2 Hz, 1H), 7.43-7.35 (m, 3H), 7.23-7.15 (m, 5H), 7.13
(s, 1H), 7.02 (s, 1H), 6.98-6.92 (m, 1H), 6.91 (d, J = 8.3 Hz, 1H), 6.56 (dd, J=15.7,
3.2 Hz, 1H), 6.27-6.14 (m, 1H), 5.31 (dd, J=11.3, 5.4 Hz, 1H), 4.50 (dd, J=13.1, 11.5
Hz, 1H), 4.47-4.41 (m, 1H), 3.30-3.17 (m, 1H), 2.35 (s, 6H), 2.26 (s, 6H); *C NMR
(100 MHz, CDCl3) 6 191.6 (d, J = 13.0 Hz), 162.0, 138.9 (d, J = 11.9 Hz), 138.2 (d, J =
12.3 Hz), 137.9 (d, J = 12.0 Hz), 136.6 (d, J = 1.6 Hz), 136.2, 134.0 (d, J = 2.8 Hz),
133.6 (d, J = 2.9 Hz), 131.9 (d, J = 46.5 Hz), 131.0 (d, J = 41.7 Hz), 128.7 (d, J = 8.7
Hz), 128.6 (d, J = 8.7 Hz), 128.5, 127.7 (d, J = 29.8 Hz), 126.5, 121.4, 120.9, 119.3 (d,
J=6.1Hz), 118.1, 68.8, 46.2, 39.5 (d, J = 71.0 Hz), 21.4 (d, J = 13.3 Hz); P NMR

(162 MHz, CDCl3) & 34.92; HRMS (ESI) m/z calcd for Ca4Hs405P [M+H]* 521.2240;
found 521.2241.

v "’/M
P(O)Ph,
(@)

(R*)-3-((S*,2E,4E)-1-(diphenylphosphoryl)hexa-2,4-dien-1-yl)chroman-4-one
((9-3v9)

A white solid; 35.1 mg, 82% yield; m.p. = 140-141 °C; *H NMR (400 MHz, CDCl5) &
7.93-7.81 (m, 3H), 7.83-7.70 (m, 2H), 7.53-7.38 (m, 7H), 7.00-6.93 (m, 1H), 6.90 (d, J
= 8.4 Hz, 1H), 6.24-6.10 (m, 1H), 5.82 (dd, J = 15.0, 11.2 Hz, 1H), 5.62-5.44 (m, 2H),
5.20 (dd, J = 11.4, 5.4 Hz, 1H), 4.41 (dd, J = 13.4 11.4 Hz, 1H), 4.38-4.31 (m, 2H),
3.20-3.06 (m, 1H), 1.63 (d, J = 6.7 Hz, 3H); *C NMR (100 MHz, CDCl3) & 191.5 (d, J
=13.3 Hz), 162.0, 138.7 (d, J = 12.1 Hz), 136.2, 132.5, 132.2 (d, J = 2.7 Hz), 131.8 (d,
J=2.7Hz),131.2 (d, J=8.7 Hz), 132.1 (d, J = 8.6 Hz), 130.9 (d, J = 2.4 Hz), 130.7 (d,
J=2.6Hz),129.2 (d,J=11.2 Hz), 128.6 (d, J = 11.6 Hz), 127.6, 121.4, 120.9, 118.8 (d,
J=6.5Hz), 118.1, 68.8, 46.0, 38.9 (d, J = 72.2 Hz), 18.1; *'P NMR (162 MHz, CDCl5)

8 34.41; HRMS (ESI) m/zcalcd for Co7H2603P [M+H]" 429.1614; found 429.1620.
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(R*)-3-((S*,E)-1-(diphenylphosphoryl)-3-phenylallyl)thiochroman-4-one
((H-3w?)
A white solid; 46.1 mg, 96% vyield; m.p. = 168-170 °C; *H NMR (400 MHz, CDCl5) &
8.07 (dd, J = 8.0 Hz, 1H), 7.96-7.88 (m, 2H), 7.85-7.76 (m, 2H), 7.56-7.46 (m, 3H),
7.46-7.37 (m, 3H), 7.34-7.28 (m, 1H), 7.24-7.15 (m, 6H), 7.11 (t, J = 7.7 Hz, 1H), 6.62
(dd, J =15.8, 3.2 Hz, 1H), 6.36-6.24 (m, 1H), 4.60 (dd, J=9.8, 7.1 Hz, 1H), 3.91 (dd, J
=13.2, 3.7 Hz, 1H), 3.47 (t, J = 13.6 Hz, 1H), 3.31-3.18 (m, 1H); "*C NMR (100 MHz,
CDCl3) 8192.9 (d, J=13.2 Hz), 142.4, 138.0 (d, J = 12.2 Hz), 136.6, 133.4, 132.3 (d, J
=45.3 Hz), 132.2 (d, J=2.7 Hz), 131.9 (d, J = 2.6 Hz), 131.8 (d, J = 82.2 Hz), 131.2 (d,
J=6.8 Hz), 131.1 (d, J = 6.8 Hz), 130.7, 130.1, 129.2 (d, J = 11.3 Hz), 128.6 (d, J =
11.7 Hz), 128.5, 127.9 (d, J = 15.7 Hz), 126.5, 125.0, 119.2 (d, J = 6.3 Hz), 49.2, 41.0
(d, J=71.9 Hz), 28.8; *'P NMR (162 MHz, CDCl3) & 34.82; HRMS (ESI) m/z calcd for
C3oH260,PS [M+H]" 481.1386; found 481.1389.

O H
| /
ys)
o O),o/?

>
(R*)-3-((S*,E)-1-(diphenylphosphoryl)-3-(furan-2-yl)allyl)chroman-4-one
((9-3x°)

A white solid; 39.5 mg, 87% vyield; m.p. = 139-141 °C; *H NMR (400 MHz, CDCl3) &
7.96-7.87 (m, 2H), 7.86-7.75 (m, 3H),7.53-7.46 (m, 3H), 7.45-7.37 (m, 4H), 7.23-7.20
(m, 1H), 6.98-6.92 (m, 1H), 6.90 (d, J = 8.3 Hz, 1H), 6.39 (dd, J = 15.6, 3.1 Hz, 1H),
6.25 (dd, J = 3.3, 1.8 Hz, 1H), 6.19-6.11 (m, 1H), 6.09 (d, J = 3.2 Hz, 1H), 5.27 (dd, J =
11.4, 5.5 Hz, 1H), 4.52-5.41 (m, 2H), 3.26-3.15 (m, 1H); **C NMR (100 MHz, CDCl3)
§191.4 (d, J=13.2 Hz), 162.0, 151.8 (d, J = 2.2 Hz), 142.3, 136.2, 132.2 (d, J = 2.7 Hz),
131.9 (d, J = 2.8 Hz), 131.2 (d, J = 38.1 Hz), 131.2 (d, J = 8.8 Hz), 131.2 (d, J = 33.2
Hz), 131.1 (d, J = 8.7 Hz), 129.2 (d, J = 11.3 Hz), 128.7 (d, J = 11.7 Hz), 127.5, 126.0
(d,J=12.4 Hz), 121.4, 120.8, 118.1, 117.2 (d, J = 6.2 Hz), 111.3, 108.7 (d, J = 6.4 Hz),
68.7, 46.1, 39.0 (d, J = 72.0 Hz); *'P NMR (162 MHz, CDCl5) § 33.97; HRMS (ESI)
m/z calcd for CagH2404P [M+H]" 455.1407; found 455.1400.
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(R*)-3-((R*)-benzofuran-2-yl(diphenylphosphoryl)methyl)chroman-4-one
((H-3z°)

A white solid; 41.6 mg, 87% vyield; m.p. = 142-144 °C; *H NMR (400 MHz, CDCl5) &
8.04-7.94 (m, 2H), 7.80 (dd, J = 7.9, 1.8 Hz, 1H), 7.79-7.71 (m, 2H), 7.54-7.48 (m, 3H),
7.42-7.34 (m, 3H), 7.34-7.27 (m, 3H), 7.19-7.13 (m, 1H), 7.13-7.07 (m, 1H),
6.96-6.91 (m, 1H), 6.86 (dd, J=8.4, 1.0 Hz, 1H), 6.81 (d, J = 1.0 Hz, 1H),5.35(dd, J =
11.4, 5.4 Hz, 1H), 5.57 (dd, J = 10.2, 1.5 Hz, 1H), 4.09 (dd, J = 13.6, 11.5 Hz, 1H),
3.45-3.33 (m, 1H); *C NMR (100 MHz, CDCl3) § 190.9, 162.0, 154.7, 149.5 (d, J =
2.6 Hz), 136.3, 132.4 (d, J = 2.6 Hz), 132.0, 132.0 (d, J = 2.7 Hz), 131.6, 132.1 (d,J =
8.8 Hz), 131.0, 130.7 (d, J = 9.1 Hz), 130.6, 129.3 (d, J = 11.6 Hz), 128.6 (d, J = 12.0
Hz), 127.9, 127.6, 123.5 (d, J = 140.2 Hz), 121.2 (d, J = 48.4 Hz), 120.4, 118.0, 111.3,
108.6 (d, J = 5.1 Hz), 69.5, 45.1, 35.3 (d, J = 70.9 Hz); *'P NMR (162 MHz, CDCls) &
31.93; HRMS (ESI) m/z calcd for CzgH2404P [M+H]" 479.1407, found 479.1410.

zyd(o)d

7. Procedure for gram-scale synthesis of 3a and its transformation

o) i ®
P 2 P1 (15 mol%) Q PPl
Je e OF 93 D
o EA, 1. O o Q !
1a 2a

NHBoc

. 0, 1,
dr > 20:1, 51% vyield (#)-3a 3 P1

To a flask (250 mL) with a magnetic stirring bar were added 1a (1.00 g, 3.81 mmol),
2a (1.54 g, 7.62 mmol), phosphonium salt P1 (302 mg, 0.57 mmol) and Cs,COs3 (7.40
g, 22.86 mmol), followed by the addition of EA (40 mL). The reaction mixture was
stirred at room temperature for 12 h. Until completion, the reaction mixture was
concentrated. Purification by column chromatography on silica gel (petroleum
ether/ethyl acetate = 3:1) afforded the prodcut (=£)-3a as a white solid (902.6 mg,
51% vyield, >20:1 dr).
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KOH (4.0 equiv.) D P(O)th

EA (C = 0.04 moliL), r.t. O OH
OH

4 h, 48% yield

(+)-4

To a solution of EA (2.5 mL) were (-3a (0.10 mmol), and KOH (0.40 mmol). The
reaction mixture was stirred at room temperature for 4 h. The solvent was evaporated
to give the crude product, which was directly purified by silica gel chromatography to

provide the desired product (£)-4 as a light yellow solid.

A yellow solid; 23.7 mg, 48% yield; m.p. = 174-176 °C; *H NMR (400 MHz, CDCls)
8 9.30 (s, 1H), 7.96-7.88 (m, 2H), 7.70-7.62 (m, 3H), 7.62-7.58 (m, 2H), 7.53 (dd, J =
7.8, 1.6 Hz, 1H), 7.48-7.42 (m, 2H), 7.21-7.15 (m, 6H), 7.05-6.99 (m, 1H), 6.73 (d, J
= 8.9 Hz, 1H), 6.69 (dd, J = 7.7, 1.6 Hz, 1H), 6.64-6.58 (m, 1H), 3.76-3.72 (m, 1H),
1.34 (s, 3H); *C NMR (100 MHz, CDCls) & 156.9, 151.3, 145.7 (d, J = 10.9 Hz),
141.0 (d, J = 109.8 Hz), 139.2 (d, J = 14.9 Hz), 134.2, 132.8, 132.6, 131.7 (d, J = 5.6
Hz), 131.6 (d, J = 5.0 Hz), 130.4, 128.9 (d, J = 8.3 Hz), 128.8 (d, J = 8.4 Hz), 128.6 (d,
J=33.5Hz), 128.0, 127.2, 121.0, 119.6, 118.2, 90.04 (d, J = 8.6 Hz), 68.0, 24.9 (d, J
= 159.4 Hz); *P NMR (162 MHz, CDCls) & 27.96; HRMS (ESI) m/z calcd for
CaoH2603P [M+H]" 465.1614, found 465.1617.

8. Determination of configuration of the products (-3, (H-3, (H-4
A. The configurations of products (-3> were assigned by X-ray crystallographic

analysis of (#-3a’. CCDC 2171785 contains the supplementary crystallographic
data of (-3a’ for this paper. This data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.
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o

(+)-3a’

H
P py
H”] P(O)Ph,
0

(CCDC 2171785)

Figure S1. X-ray structure of (#)-3a’.

Table S7. Crystal data and structure refinement for (-3a’. The ellipsoid contour %

probability level is 50%.

Identification code (H-32°
Empirical formula C3oH2505P
Formula weight 464.47
Temperature/K 252.0
Crystal system triclinic
Space group P-1
a/lA 10.560(2)
b/A 10.831(2)
c/A 11.869(2)
al® 68.716(6)
ple 78.861(6)
< 85.017(6)
Volume/A3 1240.9(4)
Z 2
peacglem® 1.243
u/mm™ 0.140
F(000) 488.0
Crystal size/mm?® 0.25 %0.23 <0.11
Radiation MoKa (4 =0.71073)
26 range for data collection/< 3.74 t0 55.24
Index ranges -13<h<13,-14<k<14,-15<1<15
Reflections collected 41898
Independent reflections 5754 [Rint = 0.0853, Rsigma = 0.0574]
Data/restraints/parameters 5754/0/307
Goodness-of-fit on F2 1.023

Final R indexes [I>=2c (1)]
Final R indexes [all data]
Largest diff. peak/hole / e A’

R1=10.0486, wR, = 0.1169
R1=0.0731, wR, = 0.1331
0.28/-0.22
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. The configurations of products 3 were assigned by X-ray crystallographic analysis
of (H-3a. CCDC 2171783 contains the supplementary crystallographic data of
(-3a for this paper. This data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data request/cif.

(CCDC 2171783)

Figure S2. X-ray structure of (x)-3a.

Table S8. Crystal data and structure refinement for (-3a. The ellipsoid contour %

probability level is 50%.

Identification code (H-3a
Empirical formula Ca3oH2505P
Formula weight 464.47
Temperature/K 304.0
Crystal system monoclinic
Space group C2/c
alA 44.9718(11)
b/A 6.84850(10)
c/A 18.4695(4)
al © 90
pl° 114.1240(10)
e 90
Volume/A3 5191.60(19)
Z 4
pealcglem?® 1.297
ulmm’! 0.239
F(000) 2120.0
Crystal size/mm?® 0.34 %0.23 %0.08
Radiation MoKa (4 =0.71073)
26 range for data collection/ 3.97 to0 55.008
Index ranges -58<h<358,-8<k<8§,-23<1<23
Reflections collected 37050
Independent reflections 5946 [Rint = 0.0585, Rsigma = 0.0376]
Data/restraints/parameters 5946/0/323
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Goodness-of-fit on F2 1.029

Final R indexes [1>=2c (I)] R1=0.0483, wR2 = 0.1228
Final R indexes [all data] R1=0.0696, wR2 = 0.1387
Largest diff. peak/hole / e A 0.58/-0.63

The configurations of products 4 were assigned by X-ray crystallographic analysis.
CCDC 2207797 contains the supplementary crystallographic data of 4 for this
paper. This data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif

O ‘ o
-3
L Fon .

OH

4 x-ray (CCDC 2207797)

Table S9. Crystal data and structure refinement for ()-4. The ellipsoid contour %

probability level is 50%.

Identification code (H-4
Empirical formula C3oH2505P
Formula weight 464.47

Temperature/K 173(2)
Crystal system monoclinic
Space group P21/n
alA 9.2171(2)
b/A 17.9048(6)
c/A 14.5888(4)
al © 90
ple 99.2740(10)
e 90
Volume/A? 2376.13(12)
Z 4
pealcglem?® 1.298
ulmm™* 0.146
F(000) 976.0
Crystal size/mm?® 0.220 x0.333 x0.381
Radiation MoKa (4 =0.71073)
260 range for data collection/< 2.45 10 27.46
Index ranges -11 <h<11,-22 <k <23,-18<1< 16
Reflections collected 17751
Independent reflections 5930 [Rint = 0.0343, Rsigma = 0.0422]
Data/restraints/parameters 5409/3/321
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Goodness-of-fit on F2 1.049

Final R indexes [I1>=2c (I)] R1=0.0584, wR2 = 0.1381
Final R indexes [all data] R1 =0.0806, wR2 = 0.1533
Largest diff. peak/hole / e A 0.612/-0.343

9. Mechanistic studies and proposed reaction process
A. The preparation of intermediate Int C-3a and Int D-3n

Ph
P1 (15 mol%) 0 (O)Ph,

P
Cs,CO5 (3.0 equiv.
1a + 2a —2C0s(30equv) WAQ (+ (2)-3a)
MeOH, rt. 6 h OH'V'e

16% yield
Int C-3a 68% yield

P1 (15 mol%) O poyph, Br
Cs,CO5 (6.0 equiv.
In + 20 —22C0a(60equv) F (+ (2)-3n)
EA, rt. 12 h 0 Me

) 34% vyield
Int D-3n 17% yield

[a] Reaction conditions: 1 (26.2 mg, 0.10 mmol), 2a (0.20 mmol), Cs,CO; (0.60 mmol) and P1

(15 mol%) in solvent (2.5 mL) at room temperature. [b] Isolated yields.

(22 ,4E)-3-(diphenylphosphoryl)-1-(2-hydroxyphenyl)-2-methyl-5-phenylpenta-2,
4-dien-1-one  (Int C-3a)

O  P(O)Ph,
AN G
A yellow solid; 31.5 mg, 68% yield; *H NMR (400 MHz, CDCl3) & 11.65 (s, 1H),
7.61-7.50 (m, 5H), 7.50-7.41 (m, 4H), 7.39-7.30 (m, 5H), 7.24-7.17 (m, 3H), 6.98 (dd,
J =84, 0.6 Hz, 1H), 6.92-6.86 (m, 1H), 6.86-6.81 (m, 2H), 1.91 (d, J = 2.5 Hz, 3H);
BC NMR (100 MHz, CDCl3) 6 162.3, 151.1, 136.1, 135.2 (d, J = 9.8 Hz), 132.8, 132.7,
132.1 (d, J = 2.7 Hz), 131.7, 130.2, 128.9, 128.6 (d, J = 1.2 Hz), 128.2 (d, J = 11.9 Hz),
128.0 (d, J = 1.8 Hz), 119.5, 118.9, 118.5, 21.3 (d, J = 11.4 Hz); *'P NMR (162 MHz,
CDCI3) & 25.38; HRMS (ESI) m/z: [M+H]" calcd for CzgHys03sP 465.1614; found

465.1614.
(E)-2-(3-(2-bromophenyl)-1-(diphenylphosphorylallyl)-2-methylbenzofuran-3(2
H)-one (Int D-3n)
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O P(O)Ph, Br

A yellow solid; 9.3 mg, 17% vyield; m.p. = 241-243 °C; *H NMR (400 MHz, CDCl5) &
7.87 (dd, J= 7.5, 1.0 Hz), 7.70-7.54 (m, 6H), 7.50-7.32 (m, 7H), 7.21 (td, J = 7.8, 1.5
Hz, 1H), 7.14 (dd, J = 7.7, 1.6 Hz, 1H), 7.04-6.97 (m, 1H), 6.27 (d, J = 8.0 Hz, 1H),
6.17 (dd, J = 10.8, 3.0 Hz, 1H), 5.01 (t, J = 2.8 Hz, 1H), 1.74 (s, 3H); *C NMR (100
MHz, CDCls) & 157.27, 148.5 (d, J = 10.7 Hz), 142.1 (d, J = 97.9 Hz), 136.0, 133.6,
132.1, 132.0 (d, J = 2.7 Hz), 132.0, 131.9 (d, J = 4.5 Hz), 131.8, 131.7 (d, J = 10.0 Hz),
130.9, 129.6 (d, J = 31.4 Hz), 128.6 (d, J = 12.1 Hz), 128.4 (d, J = 12.5 Hz), 127.9,
127.3,125.2, 121.6, 111.6, 101.1 (d, J = 6.5 Hz), 88.2 (d, J = 7.9 Hz), 59.3 (d, J = 12.9
Hz), 20.6; *'P NMR (162 MHz, CDCls) § 23.33; HRMS (ESI) m/z: [M+H]" calcd for
CaoH25BrOsP 543.0719, found = 543.0725.

B. The control experiments of isolated Int C-3a and Int D-3n

o (O)Ph, P1 (15 mol%) Ph
P Cs,CO3 (6.0 equiv.) HO,,'
O O EA, 12 h, rt =~ . P(O)Ph,
M
oH ° 79% yield X o”
Int C-3a (¢)-3a

P1 (15 mol%)

O pO)Ph, Br Cs,CO; (6.0 equiv.)
W/ EA, 12 h, 1t
O Me 42% yield

Int D-3n

The intermediates Int C-3a and Int D-3n were used as the substrates under the
optimized reaction condition, and the corresponding tricyclic products (#-3a and
(-3n were obtained.

C. The in-situ HRMS testing of the reaction mixture

S-34



O  P(O)Ph,

1a +

4-4a
Chemical Formula: C3yH,503P
Exact Mass: 464.1541
[M+H]*=465.1614
[M+Na]*=487.1434

o P(O)Ph,

IntC

Chemical Formula: C3oH,403P"

Exact Mass: 463.1469

P1 (15 mol%)
Cs,CO;3 (3.0 equiv.)

EA, .6 h o

()
o i P(O)Ph,

4-3a
Chemical Formula: C3oH,503P
Exact Mass: 464.1541
[M+H]*=465.1614
[M+Na]*=487.1434

O p(O)Ph,
(x>
o

IntD

Chemical Formula: C3yH,403P"
Exact Mass: 463.1469

(+)-3a"

intermediates

(as following)

Chemical Formula: C3yH»,03P"
Exact Mass: 463.1469

Chemical Formula: C3yHy403P"
Exact Mass: 463.1469

o (€]
P(O)Ph; oM
L :
KT O e,
IntE
IntF

Chemical Formula: C3yH4,03P"
Exact Mass: 463.1469

Chemical Formula: C3oH,403P"
Exact Mass: 463.1469

We tested the reaction mixture of the above reaction. The negative HRMS testing
showed the favorable results.

nten(x1,000,000)

465.1p25(1)

66.1643(1)
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4631466

0.759 464.1511

461250 461500 461750 462000 462250 462500 462750 463000 463250 463500 463750 464.000 464250 464500 464750 465000 465250 465500 465750 466.000 466250 i

D. Proposed reaction process

Ph
HNT N\
1a + 2a o ® Me (+)-3a
P1 @
base
HN\H/O'Bu _
o) 1,3-H shift
=P(0)Ph,
) @ Ph H ®
0 P = P
>
A Ph O ‘
o Me
0" IntA Int E
retro-oxa-
Michael addition addition
(0] ® @
P o] Ph
P> A P
Ph [
o) O Me
© IntB
Int D
1,3-H shift ;‘:’1’227:,’,
0 p®
AN
g Ph
o Me
© Intc

Of note, the whole process was accelerated by the bifunctional phosphonium salt P1,
which non-covalently interact with the intermediates by ion-pairing and double
hydrogen-bonding interactions. The Int A was opened up under basic condition by
hydrolysis and went quickly to Int B by dehydration, followed by a 1,3-H shift process
to a more stable intermediate Int C, which distinguished with a large conjugation
structure Then the nucleophilic negative phenoxy of Int C attacked the a-carbon of
carbonyl, as the result of steric hinderance to form the benzofuran skeleton Int D.
Subsequently, 1,3-H shift occurred and thus afforded the intermediate Int E, which
then went through an intramolecular aldol reaction for accessing to important
intermediate of cyclopenta[b]benzofuran Int F. This intermediate finally was

transformed into the targeting product 3a via 1,3-H shift process.
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10.Reaction optimization for accessing to the chiral product 3

Table S10: Catalytic Asymmetric Synthesis of 3a: screening of the types of the

catalysts.*”

(0] H H Cat. (10 mol%)
"”/\Ph Cs,CO3 (3.0 equiv.)
P(O)Ph, -
o rt, toluene, 2 d
. dr> 20:1
(x)-3a 3a
)\‘/\P"thMel' )\‘/\P‘“thMel' )\‘/\P"thMel'
O NH O+ NH S« _NH

NHBoc “"NHBoc HN\@\
P5 P7 F

P6
o/ vi 0 35% yield, 33% ee
36% yield, 5% ee 35% yield, 0% ee (3d, 35% yield, 33% ee)

)\‘/\P"thMel
P*Ph,Mel P*Ph,Mel
NHTs NHBoc
P9 P10
31% yield, 2% ee 35% yield, 3% ee
9% yleld 16% ee

[a] Reaction conditions: 3a’ (46.5 mg, 0.10 mmol), Cs,CO; (97.8 mg, 0.30 mmol) and cat (0.01 mmol)

in toluene (2.5 mL) at room temperature. [b] Isolated yields.

Table S11: Catalytic Asymmetric Synthesis of 3a: screening of the other catalysts.*®
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Cat. (10 mol%) HO
©\)ﬁ/{ oy Co2C0s(30equiv) a .
P(O)Ph O
2 rt, toluene, 2 d o P(O)Ph,
dr>20:1
(*)-3a’' 3a
other catalysts:
X )Y\P *Ph,BnBr N PPhoBnBr QTBDPS >JY\P+PhZBnBr'
P'PhBnBr g NH S _NH /H/\P*thBnBr' S NH
S<_NH
Y HN HN SY NH F. NH
F F L
P8 F P12 P13 P F P15
29% yield, 66% ee 31% yield, 50% ee 30% yield, 21% ee 14% yield, 6% ee 26% yield, 39% ee
>J\‘/\P"thBnBr' >j\‘/\P*thBnBr' >JY\P*PhZBnBr P thBr ﬁ\‘ﬂp Ph,Br
S<_NH SeUNH SYNH S NH
CFs NH C NH NH H ©/ QO
% MeO
CF; P16 P17 P18
19% yield, 38% ee 19% yield, 14% ee 15% yield, 9% ee 25% yield, 46% ee 9% yield, 36% ee
>JY\P *PhyBr >HAP *PhoBr >HAF’ PhoBr jﬁﬂp *PhyBr
S F3
Q Q "
P24
28% yield, 58% ee 28% yield, 57% ee 29% yield, 56% ee 30% yield, 58% ee

[a] Reaction conditions: 3a’ (46.5 mg, 0.10 mmol), Cs,CO3 (97.8 mg, 0.30 mmol) and cat (0.01 mmol)
in toluene (2.5 mL) at room temperature. [b] Isolated yields.

Table S12: Screening of solvents.?®

P8 (10 mol%) HoPh S>HN?\P+PhZBnBr'
©fuj/li(o/;nh\2ph Cs,C0; (3.0 equiv.) O *
rt, solvent g P(O)Phy HN :
F

dr>20:1
(¥)-3a" 3a :
- P8
entry solvent time yield ee
1 Toluene 2d 29% 66%
2 Mesitylene 2d 28% 63%
3 Cl-Ph 2d 27% 66%
4 Br-Ph 2d 27% 62%
5 CF3-Ph 2d 24% 52%
6 NO,-Ph 2d 74% 10%
7 CHCl; 2d 10% 53%
8 CH,Cl, 2d 31% 21%
9 CCly 2d trace -
10 DCE 2d 21% 8%
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11 EA 2d 58% 45%

12 acetone 2d 81% 2%
13 DMF 2d - -
14 CH;CN 2d 43% 6%
15 Dioxane 2d 83% 0%
16 Et,O 2d 22% 15%
17 PhOMe 2d 49% 44%
18 PE(30-60 °C) 2d NR -
19 Hexane 2d NR -
20 Pentane 2d NR -
21 cyclopentane 2d NR 0%
22 Xylene 2d 29 50%
23 Hex/tol=1:1 2d 26 19%

[a] Reaction conditions: 3a’ (46.5 mg, 0.10 mmol), Cs,CO3 (97.8 mg, 0.30 mmol) and P8 (0.01

mmol) in solvent (2.5 mL) at room temperature. [b] Isolated yields.

Table S13: Screening of bases.*”

Ph ! >H/\P+Ph BnBr
o H P8 (10 mol%) ' 2

v o base (3.0 equiv.) e . Sy-NH

0 POIPhe rt, toluene O o P(O)Ph, : HN\@\

(#)-3a e 3a F
- P8

entry base time yield ee

1 Et;N 2d trace -
2 DBU 2d 20% 4%

3 DABCO 2d trace -

4 DMAP 2d trace -

5 DIPEA 2d trace -
6 Cs,CO3 2d 29% 66%

7 K,CO3 2d trace -

8 Na,CO3 2d trace -

9 K3PO, 2d Trace -

10 K;PO,3H,0 2d trace -
11 KOH 15h 58% 0%
12 Cs,CO;3 (6.0 equiv.) 26 h 60% 10%
13 Cs,CO;3 (8.0 equiv.) 16 h 59% 7%

[a] Reaction conditions: 3a’ (46.5 mg, 0.10 mmol), base (x equiv.) and P8 (0.01 mmol) in toluene

(2.5 mL) at room temperature. [b] Isolated yields.
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Table S14: Screening of temperature.®”

Ph 5 >H/\P+PhZBnBr'
O H P8 (10 mol%) !

H . HO " S<_NH
P.,,C/)/Ph\Ph base (x equiv.) O G . o
o (O)Ph, T., solvent S P(O)Ph, : \©\
dr> 20:1 ; ,:
(¥)-3a’ 3a ! P8
entry  base (equiv.) Solvent Temp. time yield ee
1 3.0 Toluene 0°C 2d trace -
2 3.0 EA 0°C 2d trace -
3 6.0 Toluene 0°C 2d trace -
4 6.0 EA 0°C 2d trace -
5 3.0 Toluene 40°C 2d 33% 30%
6 2.0 Toluene 40°C 2d 10% 55%

[a] Reaction conditions: 3a¢ (46.5 mg, 0.10 mmol), Cs,COs3 (x equiv.) and P8 (0.01 mmol) in
solvent (2.5 mL) at room temperature. [b] Isolated yields.

The best chiral condition of 3a we’ve got yet : (-3a’ (46.5 mg, 0.10 mmol), Cs,CO3
(3.0 equiv.) and P8 (0.01 mmol) in toluene (2.5 mL) at room temperature for 2d. The
ee value was 66%, tg (minor) = 19.146 min, tg (major) = 14.850 min (HPLC condition:
Chiralpak IE column, A =254 nm, T = 25 °C, 30% i-PrOH/n-Hexane, flow rate = 1.0
mL/min).

b s Detector A 254nm
E e
10
5_
0_—“/\/\;_\___'_
——Y— Y
0 5 10 15 20 25
min
Detector A 254nm
Peak# Ret. Time Height Height% Area Area%
1 15.196 13809 53.411 505288 50.297
2 19.654 12045 46.589 499324 49.703
Total 25854 | 100.000 1004612 100.000
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40 Detector A 254nm
30
] o
@
: b
20
104 ©
3
o
G_ /\/\J\_'—/\ /\
O.OI o ‘2!5I o ISfOI o ITTSI o I10|.0I o I12|.5‘ o I15|.0I o I17|.5I o I20|.O
min
Detector A 254nm
Peak# Ret. Time | Height = Height% | Area | Area%
1 14.850 20191 84.477 752346 82.851
2 19.146 | 3710 15.523 | 155728 | 17.149
Total 23901 100.000 908074 100.000

Table S15: Asymmetric reaction from 1a and 2a.

Q P8 (10 mol%)
NG ., © Cs,CO;3 (3 equiv.)
HPPh,
(@) rt, toluene, 4d .
1a 2a 16% yield, 23% ee -, 'P(O)Phy

[a] Reaction conditions: 1a (0.10 mmol), 2a (0.12 mmol), Cs,CO;3 (3.0 equiv.) and P8 (0.01 mmol)

in toluene (2.5 mL) at room temperature.

We have employed 1a and 2a as the starting materials under the standard reaction condition in the
presence of chiral phosphonium salts P8 to investigate the chiral induction. As a result, the chiral
target 3a was obtained only in 16% yield and 23% ee unfortunately, which possibly was due to the

low reaction activity and the complicated process of the reaction.
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12. NMR spectra of the products
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