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B 1E EERREZTSBRICHINTSREFZD]
(SRR ERAIERE EOMEmDH,S)
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$20 EERREZTSBRICHATTSREFZD2

(GRRECAERE L OMEDS)
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$20 EEREZTSBRICHAINTSREFZD2
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F4E REFXDREFRBEDREZD ]
(RREICHAORREYIET — 5 DER)

The synthetic procedure of 1: To a solution of compound 2 (7.6 g, 16 mmol) in anhydrous

toluene (600 mL) at room temperature was added THF (3.2 mL, 38 mmol), and then n-

BuLi (11 mL, 1.63 M in hexane) was added dropwise over 3 min. The solution was stirred

for 15 min, and chlorotrimethylsilane (9.5 mL, 48 mmol) was added over 1 min. After

(the reaction mixture was) stirred for 1 h at room temperature, the reaction mixture was
guenched with water. The solvent was thoroughly evaporated, and o the mixture was
added CHCIz and the aqueous phase was extracted with CHCIs. Combined organic

phases were washed with brine, and then (combined organic phases were) dried over

Na>S0O4, and (combined organic phases were) concentrated in vacuo to give the crude

products. Purification by silica gel column chromatography (hexane only) gave a desired

compound 1 (5.2 g, 70%) as white solid materials.
14


http://www.chem.ryukoku.ac.jp/iwasawa/index.html

F4E REFEXDRRADREZD ]
(RREICHAORREYIET — 5 DER)

1H NMR (400 MHz, CDCls) 8.43 (d, J = 9.5 Hz, 1H), 8.37 (d, J = 9.4 Hz, 1H), 8.30
(d, J= 9.5 Hz, 1H), 8.21 (d, J = 9.4 Hz, 1H), 8.10 (s, 1H), 8.04 (s, 1H), 3.35-3.27
(m, 4H), 1.85-1.83 (m, 4H), 1.56-1.49 (m, 4H), 1.0 (t, J = 7.4, 7.4 Hz, 6H), 0.60 (s,
9H) ppm. 13C NMR (100 MHz, CDCls) 138.3, 136.6, 136.1, 134.5, 134.3, 131.2,
129.9, 128.33, 128.25, 128.1, 127.4, 126.4, 125.2, 124.5, 34.6, 34.11, 34.05,
33.5, 23.3, 23.2, 14.42, 14.38, 1.05 ppm. MS (FAB) m/z: 466 (M+). Anal. Calcd

for C27H33BrSi: C, 69.66; H, 7.14. Found: C, 69.79; H, 7.10.
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55\ EiEmXDERIBEDRFZD 2
(RREICHAORREYIET — 5 DER)
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£5E REHEXDEFRBEDREZD 2
(RREICHAORREYIET — 5 DER)

The representative procedure for synthesis of vinyl 1: To a solution of alkyne 2 (1 mmol) in
anhydrous CH2Cl2 (8 mL) at - 78 °C was added appropriate amount of TMSI (1 M in CH2Cly)
dropwise over 8 min. After 15 min H2O was added, and the mixture was allowed to warm to 0 °C
over 50 min, and (the mixture was) followed by additional stirring for 10 min. The reaction was
guenched at 0 °C with saturated aqueous sodium thiosulfate, (the reaction was) stirred for 30 min,
and (the reaction was) allowed to warm to ambient temperature. To the mixture was added
CH2Cl> and organic phases were washed with brine, and then (organic phase was) dried over
Na>S0Os4, and (organic phase was) concentrated to give a crude product. Purification by silica gel

column chromatography (Hexane containing 5 % v/v triethylamine) gave a desired 1.

18
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£ 50 RIEHENXDRFRIADREZD 2
(RREICHAORREYIET — 5 DER)

Analytical data; "TH NMR (400 MHz, CDCIs) 8.41 (d, J=9.5 Hz 1H), 8.34 (d, J =
9.5 Hz,1H), 8.18 (d, J=9.2 Hz,1H), 8.12 (d, J=7.7Hz,1H), 8.06 (d, J = 9.2 Hz,
1H), 7.85 (d, J=7.7 Hz, 1H), 7.82 (s, 1H), 6.49 (s, 1H), 6.41 (s, 1H), 3.34-3.29
(m, 4H), 1.86-1.80 (m, 4H), 1.53-1.47 (m, 4H), 1.02-0.98 (m, 6H) ppm. 13C NMR
(100 MHz, CDCIs) 138.3, 137.8, 136.9, 131.7, 130.0, 129.6, 129.1, 128.1, 128.0,
127.3, 125.9, 125.82, 125.80, 125.2, 124.8, 123.2, 122.8, 104.0, 34.4, 34.2, 33.8,
33.7, 23.3, 23.2, 14.4 ppm. MS (FAB) m/z: 339 [M]+. Anal. Calcd for CasH27I: C,

66.96; H, 5.84. Found: C, 67.02; H, 5.65.
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(RREICHAORREYIET — 5 DER)
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F6[E REHEXDEFRBEDREZD 3
(RREICHAORREYIET — 5 DER)

Synthetic procedure for phosphonite 1: To a solution of 2 (136 mg, 0.20 mmol) in THF (3 mL) at -

78 °C was added n-BuLi (0.21 mmol, 1.59 M in hexane) dropwise over 3 min, and the mixture

was stirred for 2 h. PClz (29 mg, 0.21 mmol) was slowly added over 2 min, and the reaction was
allowed to warm to room temperature. After 4 h, the solvent was thoroughly removed, and to the
residue was added THF (2 mL) and appropriate chiral diol (0.24 mmol), and then Et:N (42 mg,
0.42 mmol). After the mixture was stirred for 10 h at ambient temperature, all the volatiles were
evaporated off. The mixture was dissolved in benzene (30 mL), and (the mixture was) washed
with water (30 mL x 2), and (the mixture was washed with) brine (30 mL), and (the mixture was)

dried over Na>SQ4. Purification by silica-gel column chromatography gave a target 1 as white

solid materials in 70% yield.

22
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F6[E REHENXDRFRADREZD 3
(RREICHAORREYIET — 5 DER)

Data: [a]26p —272 (c 1.00, CsHe). TH NMR (400 MHz, CsHs) 9.06 (d, J = 7.9 Hz, 1H), 8.54-8.44 (m,

4H), 7.79 (dd, J = 7.2, 7.2 Hz, 1H), 7.72 (d, J = 7.2 Hz, 1H), 7.57-6.51 (m, 32H), 5.95 (t, J = 7.5,
7.5 Hz, 1H), 1.98 (s, 3H), 1.81 (s, 3H), 1.75 (s, 3H), 1.70 (d, J = 5.6 Hz, 6H) ppm. 13C NMR (100
MHz, CsDs) 148.4, 148.36, 147.0, 146.6, 143.0, 142.7, 142.0, 141.9, 141.50, 141.46, 140.5, 140.1,
139.5, 139.4, 139.2, 139.14, 139.1, 139.0, 136.2, 135.58, 135.57, 135.42, 135.37, 134.1, 133.4,
133.33, 133.28, 133.1, 132.9, 132.82, 132.76, 132.7, 132.5, 132.3, 132.1, 132.0, 131.2, 130.1,
130.1, 129.8, 129.5, 129.3, 129.18, 129.16, 129.14, 129.13, 129.0, 128.9, 127.8, 128.6, 128.5,
128.4, 128.0, 127.5, 127.3, 126.6, 126.3, 126.0, 124.2, 124.0, 123.94, 123.90, 123.8, 123.0, 121.5,
121.4, 22.0, 21.6, 21.5 ppm. 3P NMR (162 MHz, CsD¢) 184.1 ppm. MS (FAB) m/z: 1019 ([MH]*),
927 ([M-C7H-]*). Anal. Calcd for C75Hss02P: C, 88.38; H, 5.44. Found: C 88.28; H, 5.46.
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(RREICHAORREYIET — 5 DER)
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B 70 ERE#HMXOEBEBEZSWVWTIHES 0]

1.ZENS5EIS AL REFEFRIFERFBETKRIET SHE CI, FHXDREFERE

ICFHUAFEL LS, [ENT D ELBRLEBNICEVWTHELL D, BESZ

EZEBNIEVNWKDICULEU & Do

2. KAV M. FIEETICFARLERERRAZELT S LTI, ELTE S

ZBHRUTC BBRZESHMATHIEL LD, BFRAMZRRIT BcHICH. F—

ICEEZ[MITTHALD,
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70 BREFXORBFEHZEWVWTCHELD ZE0]

1. {81 OEKKNIIVARZ-7T8EICHSEIU. CNICTFILUFIL%ESD

AT TRET U,

was added n-Bulli

dropwise over 5 min.

2. {tEY 2 DEKBEUAFLYBRICHULTERT. AT7I-ILERBEEYD
LhZ2. 4883 D2D>< D EMA T,

were slowly

added catechol and potassium carbonate (each 2.4 equiv).
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70 KRE#EMXORBEHRZEWVWTCHELD Z0D]

3. {t5% 3 D}

EKTHRE AR Z-45FE I8P LTz, CNICTFILIDFIOLZ 15

MTITETLU. RIDBR=Z-45ET T2 FMEEBHEU T,

was added n-BulLi over 1 min,

the reaction was stirred for 2 h at -45 °C.

+-

ST, bEY 4 OEXKNIVIVEEREEOHLZT7 XKL

<. ER TN Z\|Y > 3T TMA T,

Under an argon atmosphere,

was added PCls dropwise over 3 min at room temperature.
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70 KRE#EMXORBEHRZEWVWTCHELD Z0D]

5. BERSHEI T, b8 DANFUHVRBERZFZOERIGEIC. NUIFILFZZY

EFIITI—IVEAEZINZ T,

Under No,

were added the triethylamine and alcohol reagents.

6. 7L VEBEKT. kM6 DRNILIVBARICTTZILT U Z7EHEE BT

TEFL. TREMITERFARLVC. D&, ERTTI1KHEERBH S ELRIC

K% 1 OmLIIA T RIbZFELES 1,

Under an Ar atmosphere, was added PhMgBr
dropwise over 5 min, and the mixture was allowed to warm to ambient

temperature. After stirred for 1 h, the mixture was quenched with H2O (10 mL).
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$8E KREHMDEERBZSEWVWTIHELD D2

1. RIElEERRIC, RERFZRFTRIEIT HHREBZITVWE T, HXDEFEFRIEIC

FHUAELES, IBNT B ERLCBBIYICEVNVTHEILLD, FESCE

ZRNIEWVWELDICLEU &£ 2o

2. AV M E ERECEHSNTVIEERHEELNTZZETT, BHTS

SEFMZHRLT. BEREZESHWATHIL &S,

8. FEZLHEHICTFHEESIWT, XE2EDNTZVRICHETIDEEZTFEFL &£ 5,
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$8E KBREMIXDIERIBZEVWTHAELD €D2

1.RIVERZ 2 BEMNEG=R U cRIC. 302D TEARERL T,

After (the reaction mixture) refluxed for 2 h, the reaction mixture was

allowed to cool to ambient temperature over 30 min.

2.RIDARZERT 1 BEEBHURIC. 1 MEEZEOCTLEaNTTRTUL

TRIMELEFEZT>Tco EERT3 0B L. MLIT Y 20 mLT 3 [EHlH#

ﬂz%?ﬁ > fCo
After the reaction mixture was stirred for 1 h at room temperature,

was added 1 M aq. HCI over 5 min at 0 °C. The mixture was stirred

for additional 30 min, and then the aqueous layer was extracted with

toluene (20 mL x 3).
30
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$£8M KRRANXDEBRBEZEVWTHAELS ED2

3.RIBRZI00ET 2 KFEEH UcRIC. BARKELU TRIENICBRERIEZIT o .
WT, RBICTHFZINATANL, Ea—=—vEiEBEEAFI =G V&ERMUL
foo

After (the reaction mixture) stirred for 2 h at 100 °C, the reaction mixture was

allowed to cool to room temperature, and all the volatiles were thoroughly

evaporated off.

A RIGBEZRIELUZRIC, 7O00KRILAEKZFNFNIS5mMLY DINA T, KERZIE

{EXFL > 10 mLc3[EmBiEEZE {T> oo

After reaction solvent was evaporated, to the residue were added CHCIs and

H20 (each 15 mL) and the aqueous phase was extracted with CH2Cl> (10 mL x 3).
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$£8E IREMXDERBMBEZEWVWTCHELD D2

5.RI5%ZTLCTEML., RIbFE 2 KERICIRBIDTEEHRDBDO SNfce RIG

/

BRICENEE KZ 10mLIIA TR ZELESE. ZER T 1 FEERZ1T-

fco KBICHUTKILIZ>20mL<T1[E], 10 mL T2 OHEREEZTT- I,

The reaction was monitored with TLC, and the starting material was
disappeared in 2 h. Then, the reaction was quenched with satd. aq.
NaHCOs, and followed by additional stirring for 1 h at room temperature.

The aqueous layer was extracted with toluene (20 mL and 10 mL x 2).
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$£8M KRRANXDEBRBEZEVWTHAELS ED2

6. RIDZTLCTEIUL. RERRINRICEBIDTEEZBEREZRDC, RINERZ

1 BEEMNTTEABEEL. 1M DIEEZ2S mL A TKRID ZZEIES 2, K

BlCHUT, 8EXFL>15mLT1E, 5mL T2 [oEBiEEE{To oo

The reaction was monitored with TLC, and the starting material was
totally disappeared after overnight reaction. Then, the reaction mixture

was allowed to cool to room temperature over 1 h, and (the reaction

mixture was) quenched with 1 M aqg. HCI (25 mL). The aqueous layer was

extracted with CH2Cl2 (15 mL, 5 mL x 2).
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WEDICULFXU & Do
2.1V M., ERIBICEEHINTWARRERIRZELUISZ I ETT, ELTE

SEFMZHRLT. BEREZESHWATHIL &S,

8. FEZLHEHICTFHEESIWT, XE2EDNTZVRICHETIDEEZTFEFL &£ 5,

[=] =|
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$90 BREHMIXDEBRIBZEVWTHAELDS €03

1.8 ECEREZREIRIEKTHEFRL. THTRZIESE., THZEAICK DR
EU. RBICARBEZEEZ THRERBL T .1 7S L0BBERZR

Combined organic phases were washed with brine, and dried over Na2SOg,

and filtered, and concentrated in vacuo to give 1.1 g of crude products.

DEBZENILIVICANIULT, K (20 mLx3) EEEFMEBIEK (20 mL) TH %
L. CHEZEZ{TV., TOCHEHZEBICEDBFREL. REBICEEAEZEZLET
BREEERLT2.40 S L0BERZE .

The residue was dissolved into toluene, which was washed with water (20

mL x 3) and brine (20 mL), and dried over Na2SQ0, and filtered, and

concentrated in vacuo to afford 2.4 gram of crude products.
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$£9M0 KRRFXORBRBEZEVTHAELS D3

B.VUNTINZRWEAZLEE (BRBEAFTYOH) 21TV 3.27 714

DEHETBUHE1Z28 7 %INETHE

=)

'fZISQ: L/—('Tﬁa:fc:o

Purification by silica-gel column chromatography (eluent, hexane only)

yielded 3.2 gram of desired molecule 1 in 87% as white solid materials.

4.2 ) NTIWZRWEAZLEE (BRBEANFTTVERBERIFILONT) =17

W, 4303V SL0BMN1Z9 7 %PNRTHERIRIE L ULTHET

Purification with silica-gel column chromatography (eluent, hexane/EtOAc

9/1) afforded 430 mg of 1 in 97% vyield as a yellow oil.
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£9E RERXDOERBRBEZEWVWTCHELD D3

5. BiEmEBEEETIY./—) (HER1 7 LI LTI18mL) TITW. EHET
5181 %2770 SV TS L, 74BRETHBERE UTET

Recrystallization of the crude product from ethanol (18 mL/g) yielded 770

mg of a desired 1 in 74% as white crystals.
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$£9M0 KRRFXORBRBEZEVTHAELS D3

6.EMBHEEZIBIEAF LY EXY /=)L ] | BOHETITW, 3.877L0DY

V7N EBWEEBERFRE UK. Ihe., BiE&ERE (TOEAZ NV
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Reprecipitation from CH2Clo/MeOH (1/8 v/v) gave 3.8 gram of pale yellow

solid materials, and the following recrystallization from EtCN (21 mL/qg)

produced 3.1 gram of the white needles in 43% vyield.
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F10kE WAWARLBERERIEZFATHED

The typical procedure of cross-coupling reactions (Table 1, entry 2): KF (87 mg, 1.5
mmol) was dried in vacuo in a Schlenk tube with heating (heat gun), then aryl halide 1
(107 mg, 0.5 mmol), o-tolylboronic acid (102 mg, 0.75 mmol), and Pd(PPhs)4+*CHClIs
(2.6 mg, 0.0025 mmol) were added. The whole system was evacuated and backfilled
with argon three times, and 1 mL of THF was added. The reaction mixture was stirred

at room temperature for 10 min, and then (the reaction mixture was) conducted in

refluxing THF (oil bath temperature 75 °C) for 5 h. After the reaction, the mixture was
diluted with 10 mL of EtOAc, and filtered through a pad of celite and florisil. Purification
by silica-gel column chromatography gave a desired compound 2 (129 mg, 96%) as

colorless needles.
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1H NMR (400 MHz, CDCls) 7.41-7.37 (m, 1H), 7.32 (d, J = 7.8 Hz, 1H), 7.28-7.21
(m, 3H), 7.16 (d, J = 8.2 Hz, 1H), 6.95 (d, J = 8.2 Hz, 1H), 5.35 (s, 1H), 4.04-3.95
(m, 2H), 3.80-3.72 (m, 2H), 3.67 (s, 3H), 2.08 (s, 3H) ppm. 13C NMR (100 MHz,
CDCls) 156.7, 137.6, 137.2, 135.6, 130.68, 130.65, 129.7, 128.9, 127.8, 125.5,
118.8, 111.5, 101.6, 65.69, 65.57, 56.0, 20.3 ppm. MS (El) m/z: 270 (M+, 100%).

Anal. Calcd for C17H1803: C, 75.53; H, 6.71. Found: C, 75.52; H, 6.75.
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Gram-Scale Synthesis of 1: Under an N2 atmosphere, 1o a three-necked 300 mL
flask charged with 2 (5.34 g, 3.6 mmol) and dry toluene (72 mL) in a pre-heated 75
°C oil bath was added EtsN (1.2 mL, 8.6 mmol). Then, tris(dimethylamino)phosphine
(0.77 mL, 4.3 mmol) was added. After the mixture was stirred for 1.5 h, complete
consumption of the starting 2 was ensured by TLC monitoring and the reaction
mixture was cooled to ambient temperature. The mixture was filtered through a pad
of celite, and the filtrate was concentrated in vacuo to give 5.82 g of yellow solid
compounds. Purification by short-plugged column chromatography (CH2Cl2) afforded

2.64 g of 1in 41 % yield as white solid materials.
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Under an argon atmosphere, to a 20 mL flask charged with solution of 1 (3.25 g, 11.3 mmol) in
DMF (56 mL) was added 4-methoxyphenylboronic acid (2.58 g, 17 mmol), and K2COs (3.12 g,
22.6 mmol), and Pd(PPhs)4 (1.31 g, 1.1 mmol). After stirred at 105 °C for 7 h, the reaction mixture
was allowed to cool to ambient temperature. The mixture was filtered through a pad of celite and
frolisil, and the filtrate was evaporated off. The resultant residue was dissolved into toluene (100
mL), and washed with water (80 mL). The aqueous phase was extracted with toluene (15 mL x 3),
and the combined organic layers were washed with brine (80 mL), and dried over NaxSO4, and
concentrated in vacuo to give a crude product as orange solid and oil mixture materials.
Purification with silica-gel column chromatography (hexane/ toluene = 4/1) afforded 2.73 g of 2 as
white solid materials of a totally pure form in 77% vyield. Further purification by recrystallization

from CH3OH (18.7 mL/qg) yielded 2 in pure form in 69%.
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To a Schlenk tube charged with a solution of 1 (136 mg, 0.1 mmol) in dry toluene
(1 mL) under N2 atmosphere at 135 °C, EtN(iPr)2 (0.17 mL, 1 mmol) and
P(OCHs)3 (0.09 mL, 0.8 mmol) were added. After stirred for 22 h, the mixture
was allowed to cool to room temperature, and followed by concentration to give
156 mg of crude products as yellow viscous materials. Purification by silica-gel
column chromatography (eluent: hexane/EtOAc, 9/1) afforded 54 mg of 2 as
colorless solid materials in 36% yield and 32 mg of iso-2 as colorless solid

materials in 22% yield.
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Under N2, a solution of 1 (221 mg, 0.15 mmol) in toluene (3 mL) underwent
addition of AuCI-S(CHs)2 (106 mg, 0.36 mmol), and the mixture was stirred at

room temperature for 30 min with confirmation that the starting material had

disappeared by TLC monitoring. After all the volatiles had been evaporated, the

crude products were purified by short-plugged silica-gel column chromatography

(eluent: hexane/EtOAc, 4/1) to afford the 1-Au complex as white crystals in 62%

yield.
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1. Stereo-Defined Synthesis of Differentially All-Carbon Tetrasubstituted Alkenes

Derived from (E)-1-Bromo-2-iodoalkenes ( Tetrahedron 2017, 73, 5833)

. An Introverted Bis-Au Cavitand and Its Catalytic Dimerization of Terminal
Alkynes (EJOC. 2016, 2514)

. Recent Developments of Cavitand-Recessed Type Metal Catalysts ( 7Tefrahedron
2017, 58, 4217)

. Evaluation of the Reactivity of Metallocatalytic Cavities in the Dimerization of

Terminal Alkynes (EJOC. 2016, 4970)
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. Cofactor Controlled Encapsulation of a Rhodium Hydroformylation Catalyst
(ACIE, 2019, 58, 2696)

. Synthesis of Polysubstituted lodoarenes Enabled by lterative lodine-Directed
para and ortho C-H Functionalization (ACIE, 2019, 58, 2617)

. Total Synthesis and Anticancer Activity of (+)-Hypercalin C and Congeners
(ACIE, 2019, 58, 2734)

. Iron-Catalyzed Intramolecular C-H Amination of a-Azidyl Amides (Org. Lett.

2019, 21, 1559)
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1. Metal catalysis inside cavitand space is an emerging field that achieves chemical

reactions that were previously unthinkable in bulk solution and causes selectivities
not possible heretofore. As the synthetic ways of making metal centers embedded in
the cavitand hollows become more simply developed, the catalytic behaviors are
gaining increased attention. This Digest will outline catalytic cavitands that have
metal centers definitely positioned in the interior of the hemispherical molecules, with
emphasis on reports published in the past few years. Specifically, the following
targets and approaches are discussed: resorcin[4]arenes, cyclodextrins, and

cyclotriveratrylenes (Tetrahedron 2017, 58, 4217).
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2. Straightforwardly stereo-defined syntheses of (E)- and (2)-tamoxifen were described,
including a description of chemo-selective activation of (E)-1-bromo-2-iodoalkenes.
The (E)-1-bromo-2-iodoalkenes were employed as starting materials; first, the vinylic
iodine was transformed into a phenyl group with employing CuTC and PhSnBus
reagents. Then the resultant vinylic bromine undertook Suzuki reaction to afford an all-
carbon tetrasubstituted olefin; finally, the phenol-protective group was converted into

the corresponding amino-moiety. The stereochemistry of the initial (E)-1-bromo-2-

iodoalkenes was fully retained throughout. Thus, it would provide us a new entry for

preparation of tamoxifen and its related compounds. (ChemistrySelect 2019, 4, 2721)
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Tamoxifen is a historical tetrasubstituted alkene compound as a biological
active molecule. From the viewpoint of effect for estrogen receptor, Mother
Nature gave a role of oestrogenic and antioestrogenic activity to non-

steroid skeletal (E)- and (2)-Tamoxifen, respectively (Figure 1). The (2)-form

as a synthetic estrogen analogue is clinically used in the treatment of

breast cancer to block the proliferative action of estrogens. Despite the

importance in tetrasubstituted olefins such as (E)- and (2)-tamoxifen, the
development of concise and simple stereoselective protocol still remains a

grand challenge.
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We synthetic chemists have monumental approaches for constructing

carbon-carbon double bonds such as carbonyl olefination, metathesis of

1,1-disubstituted olefins, carbometallation of alkynes; however, even these
protocols would face difficulties in stereochemical control that were
followed by producing isomeric mixtures of particularly acyclic

tetrasubstituted alkenes.
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Herein we present a (E)-1-bromo-2-iodoalkenyl scaffold-based synthesis

of (E)- and (2)-tamoxifens. We anticipated that the chemo-selective and
stereo-retentional replacement of the vinylic iodine by a phenyl group
enables to achieve a stereo-defined platform synthesis of diverse tamoxifen

analogues (Scheme 1).
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Enzymes are attractive, appealing, and inviting compounds to

synthetic chemists, because they catalyze highly selective

transformations under rather mild conditions. Two quintessence

provide chemists a continuing challenge to mimic. One is to orient
metal centers inwardly towards somewhat isolated space. The other
Is to prepare two or more active sites onto the concave surface of
hosts, which synergistically works to make substrate guest more

reactive and selective.
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Recently we reported a synthesis of introverted bis-Au cavitand that is
flanked by two quinoxaline walls and based on a resorcin[4]arene, and
found that it catalyzed cross-dimerization of terminal alkynes. The cavitand
set the two Au atoms symmetrically, but each Au trapped a different alkyne;
which brought two alkynes together to result in a cross-dimerization event.
Presumably the enforced cavity would confine fitting guests in a limited

space and properly position them to actively stabilize the reactive species

in transition state.
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Such a positive effect drove us to develop a new mono-Au

complex 1-AuCl (Figure 1) that is endowed with phosphoramidite

(PNMe2) and phosphoramidate (O=PNMe:); the PNMe2 works as a

supporting ligand for Au metal, and the O=PNMe2 would act as
an electron-donating point for activation of substrates. The
question we continue to pursue is “can the new organometallic-

cavitand framework enable potent chemical transformations?
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1.We started investigation with a CuTC-mediated cross-coupling of 1 undertaken as shown in

Scheme 1(c) and the preliminary research after several tests reached initial criterion of entry
1 in Table 1: the combination of CuTC with PPhs in toluene solvent at 90 °C consumed the
starting 1, yielding 76% of desired 2 along with <5% of side-product 3 derived from halogen
elimination. To our surprise, any other products like as non-selective mono- or double-
substituted molecules were not found even in crude states: the reaction was impressively
clean. Rf values of 1, 2, and 3 were 0.52, 0.35, and 0.38 on TLC monitoring eluted with
hexane only, respectively; the separation of 2 from 3 was not easy but careful
chromatographic column isolated 2. For entry 2, no use of PPhs made the reaction slow and
gave 2 in 56%. For entry 3, lowering the temperature to 70 °C needed overnight reaction
time, and yielded 1 in 68% along with 3% of 2. It appeared to us that the condition of entry 1

(90 °C, 3 h, CuTC/PPhs) would be effective.
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2.We thus synthesized 1 in 24% yield, the result of an oxidation of parent bis-
phosphoramidite cavitand that was previously reported by our group with
elucidation of crystallographical analysis (Scheme 1). The double oxidation of

both two phosphorus atoms accompanied in 21% yield, and the unreacted

parent bis-phosphoramidite cavitand remained in 25%. Upon reaction of 1

with AuCI-S(CHs)», the corresponding complex 1-AuCl was prepared in 93%

yield. To bring out the hidden talent in the 1-AuCl, we have made an
investigation into its performance with adopting hydration reaction of internal
alkynes as a probe reaction.
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3.The alkyne hydration reaction to construct the carbonyl motif with use of water and

alkynes is fundamentally important in modern organic synthesis, because it is typically
atom-economic and environmentally benign. Historically, the strong acids of H2SO4 and

Hg(ll) salts catalyzed the hydration; on the other hand, recently, (IPr)Au(l)-catalyzed

acid-free alkyne hydration was reported by Nolan’s group. The method is a highly
efficient and useful system for a wide range of alkynes; however, its fatal drawback is
production of terribly regio-isomeric mixtures when the method is applicable to
unsymmetrical internal alkynes. For example, (IPr)Au(l)-catalyzed hydration of 2-octyne
yielded mixtures including 51% of 2-octanone and 23% of 3-octanone. Thus, it is too
difficult to discriminate between two carbon atoms of the triple bond in 2-octyne. Here, a

major challenge remains.
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1.In summary, we successfully synthesized (E)- and (2)-Tamoxifens
through a new synthetic route that employs starting (E)-1-bromo-2-
iodoalkenes. This study provides a salient feature: the CuTC-
mediated iodine-selective activation of the starting (E)-1-bromo-2-
iodoalkene with a reagent of PhSnBus keeps the starting alkene
geometry, significantly suppressing a side-reaction of beta-halogen

elimination that gives a byproduct of alkyne.
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And furthermore, we should state clearly that the remaining three steps

proceeded with retention of the stereochemistry: the Suzuki reaction of the
vinyl bromide, and deprotection of MeO and BzO groups by NaSEt, and
etherification of amino-ethyl moiety, these passed off successfully without
loss of original olefin arrangement. Our synthetic development shown here
would impact syntheses of biologically interesting molecules in terms of
Tamoxifen related drugs, because the starting (E)-1-bromo-2-iodoalkene is a
scaffold for diverse preparation of singly well-arrayed tetrasubstituted
template. We hope this intuitive methodology finds widespread use in organic

synthesis.
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2.In conclusion, we probed the catalytic capability of 2-AuCl in the selective

hydrations of alkynes through structure-activity relationship by preparing
four kinds of cavitands: 3, 4, 5, and 6. Comparative study using these
model catalysts strongly suggests two salient features: One, a covalently
attached P=0 to the resorcin[4]arene core remarkably facilitates the
water molecule to add the alkyne triple bond. This proximity effect was
clearly shown in experiments where it was removed. Two, the pi-cloud
created by two flanking quinoxaline (or pyrazine) walls also plays a major

role.
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This effect is most likely a result of stabilization of reactive intermediates
and chemical processes. This is a conseguence to such a limited space of
2, because this space would govern the shape of transition state. These
results illustrate that the quinoxaline-spanned resorcin[4]arene skeleton
can specifically designed to elicit selective catalysis. Previously this level of
control using a supramolecular architecture had not been achieved to our

knowledge. Further development of new catalytic cavitands is ongoing.
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1. CCDC-1816552 (for 1) contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via www.ccdc.cam.ca.uk/data request/cif.
Monoclinic, space group P1 21/n 1, colorless, a=12.8105(1) A, b =8.6984(1)
A, c=15.6763(1) A, a =90°, B =93.844(1)°, y=90°, V=1742.89(3) A3, Z=
4, T=293 K, Qcalcd. = 1.198 g cm3, u(Mo-Ka) = 0.548 mm-1, Ri= 0.0445,
wR>= 0.1162, GOF = 1.079.

2. Vinyl tosylates easily encountered significant erosion of the stereochemistry
except Pd(OAc)2/RuPhos catalyst system, see; B. X. Li, D. N. Le, K. A. Mack,
A. McClory, N.-K. Lim, T. Cravillion, S. Savage, C. Han, D. B. Collum, H.
Zhang, F. Gosselin, J. Am. Chem. Soc. 2017, 139, 10777-10783.

3. The impurities would be involved in side-reactions of PhSnBus.
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