


1. General information

All reactions were performed in ovdnied glassware under argo@yclopentyl methyl ether
(CPMBE) was supplied by Zeo@orporationand used without further purificatioAnhydrous
THF, 1,4dioxane, toluene were purchased from commercial sources and used without further
purification. Flash column chromatography was performed with Silica Gel 60 N (Kanto-Che
ical Co., Inc., 6210um spherical, neutraH and**C NMR spectra wereecorded ora JEOL
EX 400, AL400 or ECA 500 spectrometer at room temperature in £43CG4 solvent and inte
nal standard'd NMR: & = 7.26 for CDCl;; °C NMR: & = 77.0 for CDC}) with tetrane-
thylsilane as an further internal standdRIspectra were recorded byBaucker FFIR ALPHA.

ESI high resolution mass spectra (HRMS) were measured by a Shimadzu hybO#& mass
spectrometer and a JEOL JM300TD Accu TOF TLC instrumenOptical rotationwasmeas-
ured byJasco PL020 PolarimeteHPLC analysis was carried ooh aShimadzuFRG-10Ain-
strument with auto sampler and multiple wavelength detec@oisstrate {a) was preparedca
cording to reference Bubgrate(1b) wasprepared according to referenceSbstratel(j) was
prepared according to referenceSibstrate 1k) was prepared according to referedc&Sib-
strate {1) was prepared according to refereBc&ubstrate §o) was prepared according td-re
erenceb. Substrate{p) was prepared according to refereiice

2. Preparation of diols
Preparation of 1-(4’-chlorophenyl)butan-1,4-diol (1e)

OH
/©/MQBV Fe,O3 (1 mol%) /©)\/\/OH
cl THF, rt, 48 h Cl

To a suspension derric oxide (F&Os; 16.0 mg, 0.10 mmol) in THF (30 mL)was added
dropwise4-chlorophenylmagnesium bromi@®0 mmo| 10 mL, 1.0 Min 2methylTHR at 0°C

under argon. After stirring for 48 h at room temperature, the reaction was quenched with sat
rated NHCI ag (20 mL) and extracted with EtOAc (30 mL &). The combined organic layers
were dried oveN&SQO, andconcentratedn vacuo. The residue wamirified by silicagel cd-

umn chromatography (hexane/EtOAc = 1/2 to 1/3) to @ive4chlorophenyl)buta-1,4-diol in

6% vyield (124.6 mg, 0.62 mmol).

'H NMR (500 MHz, CDC)) : 7.38 7.28 (m, 4H), 4.73 (t) = 6.3Hz, 1H), 3.74-3.66 (m,

2H), 2.78 (brs1H), 2.01 (brs, 1H), 1.86-1.82 (m, 2H), 1.74-1.62 (m, 2H) Spectroscopic data
of '"H NMR was identical to that of the refererge
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Preparation of dodecan-1,4-diol (1g)
0

w LiAIH, (3.0 equiv.) OH
" OH
THF, 0 °Cto rt, 24 h

7 7

To a solution ofy-dodecanolacton€.1 mL, 10 mmdlin THF (30 mL) was addelithium alu-
minum hydride(1.1 g, 30 mmol) at OC under argon. After stirring for 24 h 8t°C to room
temperatureH,O and 15 % NaOH aq. were added to the reaction mixtud&€G@tAfter further
stirring for 2 h, the mixture wafdtrated through celite pad with g2 (400 mL) and the filtrate
was concentrated in vacuo. The residue was purified by -géicaolumn chromatography
(hex/EtOAc= 1/1 toEtOAc only) to give dbdecanl,4-diol (2.0 g, 10 mmol, quantitative yield).

Dodecan-1,4-diol (19)
OH

M)\/VOH

7

Colorless solidM. p. 46—47°C'H NMR (500 MHz, CDC}) : 3572—3.62 (m, 3H), 2.02 (brs,

2H), 1.73—1.62 (m, 3H), 1.5%-1.41 (m, 4H), 1.35-1.22 (m, 11H), 0.88 () = 7.0 Hz, 3H).

¥C NMR (125 MHz, CDG) 78.8, 62.9, 37.6, 34.4, 31.8, 29.7, 29.6, 29.3, 29.1, 25.7, 22.6,
14.1.IR (ATR) cm’: 3195, 2955, 2916, 2869, 2847, 1464, 1434, 1421, 1375, 1345, 1327, 1301,
1286, 1253, 1231, 1171, 1131, 1108, 1073, 1060, 1051, ERBHRMS m/z: 225.1814
([IM+Na]*); Calcd for GoH,sO.Na: 225.1825

Preparation of 1-(4’-methylphenyl)butan-1,4-diol (1d) and
1,1-di(4’-methylphenyl)butan-1,4-diol (1h)

Me(MeO)NH (1.2 equiv.) O
NaOMe (0. 25 equiv.) OH
o\[\;O) p-tolyl-MgBr (4 equiv.) O OH
THF,0°Ctort,18 h

1h

NaBH, (2 equiv.)

MeOH, rt, 6days /@)\/\/
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To a solution ob-butyrolactone430.5 ng, 5 mmol), N,O-dimethylhydroxylaminehydrochb-
ride (585.2 ng, 6 mmol) and sodium methoxidéd.2 ng, 1.3 mmol)in THF wasaddeddrop-
wise 4-methyphenylmagnesium bromidé€0 mmo| 20 mL, 1.0 Min THF) at 0°C under argon.
After stirring for 18 h at room temperature, 1N H( was added to the reaction mixture. After
further stirring for 2 h, the reaction mixtureagvextracted with EtOAc (30 mL3¥). The con-
bined organic layers were dried over )0, and concentrated in vacubhe residue was pur
fied by silicagel column chroratography (hexane/EtOAc = 2/1 to 1/1) to give the mixture of
1,-d i {méthylphenyl)buta-1,4-diol (ca. 0.90 mmgal and
4-hydroxy-1-(4' -methylphenyjbutarrl-one(ca. 1.13 mmol).

To a solution of th@btainedmixture in MeOHwasadded sdiumborohydride(85.6 mg, 2.26
mmol) atroom temperature. After stirring for 6 days, the reaction was quenched y@ti{sH
mL) and extracted with EtOAc (30 mL ). The combined organic layers were dried over
N&SQO, and concentrated in vacudhe residue was purified ksilica-gel column chromatp
raphy (hexane/EtOAc = 1/1 to 1/3) to gite( 4methylphenyl)buta-1,4-diol in 21% yield
(191.1 mg, 1.06 mmol) arid1-d i {méthylphenyl)buta-1,4-diol in 28% yield(378.8 mg, 1.40
mmol)

1-(4’-Methylphenyl)butan-1,4-diol (1d)
OH
OH

'H NMR (500 MHz, CDC})) : 7.26 (d,J = 8.0 Hz, 2H), 7.16 (d) = 8.0 Hz, 2H), 4.71 () =
6.3 Hz, 1H), 3,73-3.65 (m, 2H), 2.34 (s, 3H), 1.96 (brs, 1H), :8D.82 (m, 2H), 1.75-1.61
(m, 2H).Spectroscopic data &1 NMR was identical to that of the refererce

1,1-Di(4’-methylphenyl)butan-1,4-diol (1h)

OH

O OH
'H NMR (500 MHz, CDCJ) : 7.28 (d,J = 8.3 Hz, 4H), 7.11 (d, J = 8.3 Hz, 4H), 3.67 (&

5.0, 6.0 Hz, 2H), 2.80 (brslH), 2.39 (t,J = 7.5 Hz, 2H), 2.31 (s, 6H), 1.65 (brs, 1H),
1.62—1.56 (m, 2H) Spectroscopic data &1 NMR was identical to that of the refererio@

Preparation of 2-(2’-hydroxyphenyl)ethanol (Qm) and
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2-(2’-hydroxymethylphenyl)ethanol (1n)

CO,H OH

2

OH LiAIH, (3.0-5.0 equiv.) OH

or
THF,0°Ctort, 24 h

CO,H OH

To a solution of zZhydroxyphenylacetic acid)(76 g, 5.0 mmol) or homophthalic aci®.90 g,
5.0 mmol) in THF (25 mL)was addedlithium alumirum hydride(0.57 g,15 or 0.95 g,25
mmol) at 0°C under argon. After stirring for 24 h &t°C to roomtemperatureH,O and 15 %

or

NaCH ag wereadded to the reaction mixture @®C. After further stirring for 2 hthe mixture
was filtrated through celite paaith Et,O (400 mL)and the filtrate was concentrated in vacuo.
The residue wapurified by silica-gel column chromatographhex/EtOAc= 3/1 or 1/2) to give

2-( 2hydroxyphenyl)ethanol (160.3 mg, 1.2 mmol, 24% yield) or
2-( 2hydroxymethylphenyl)ethan@#38.3 mg, 2.9 mmob8% yield) respectively

2-(2’-Hydroxyphenyl)ethanol (1m)

OH

'H NMR (500 MHz, CDC}) : 7.85 (brs, 1H), 7.16 (1 = 7.3 Hz, 1H), 7.07 (d] = 7.5 Hz, 1H),
6.93 (d,J = 7.3 Hz, 1H), 6.86 () = 7.5 Hz, 1H), 4.04-3.94 (m,2H), 2.94—2.85 (m, 2H) 2.48
(brs, 1H).Spectroscopic data &1 NMR was identical to that of the refererice

2-(2’-Hydroxymethylphenyl)ethanol (1n)

OH
o

'H NMR (500 MHz, CDC)) : 7.38—7.15 (m, 4H), 4.65 (s, 2H), 3.90 {t= 5.5 Hz, 2H), 2.96
(t, J= 5.5 Hz, 2H) Spectroscopic data &1 NMR was identical to that of the refereric

Preparation of (S)-1-phenylbutan-1,4-diol [(S)-1a)]
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\\BCI

o) NaHCO; (2.0 equiv.) o 2
)K/\WOH Mel (3.0 equiv.) J\/\WOMG (1.1 equiv.)
Ph DMF,60°C,6h ' I THF,-78 to 10 °C, 36 h
o) o)
OH @) OH

LiAlH4 (2.5 equiv.)
Ph/'\/\[(OMe + (@) " > Ph/k/\/OH
THF,0°C,1h
(0] Ph

To a solution o#-oxo-4-phenylbutyricacid (3.56 g, 20.0 mmol)in DMF (30 mL) wereadded
NaHCG; (3.36 g, 40 mmo) and Mel 8.75 mL, 60 mmglat room temperature under argévi-
ter stirring6 h at 60°C, thereactionmixture wasquenched with 5D (20 mL) and extracted
with hexane/EtOAc (4/240 mL x 3). The conbined organic layers were dried over,8i@, and
concentrated in vacud.he residue was purified by siliggel chromatographyhex/EtOAc=
2/1) to givemethyl4-oxo-4-arylbutyratein 99% vyield (3.81 g, 19.8mmol).

To a solution of(-)-diisopinocampheythloroborang705.7 mg, 2.2nmol) in THF (1.5 mL)
wasadded obtainedhethyl 4-oxo-4-arylbutyric (384.4 mg, 2.dnmol) in THF (0.7 mL)at—-78
°Cunder argon. After stiing for 36h at—78 to—10°C, a small amount of #0 wasadded to the
reaction mixture. e mixture was directly purifiedy silica-gel column chromatography
(hex/EtOAc = 5/1 to 3/) to give mixture of (§-methyl 4hydroxy-4-phenybutyrate and
(9-dihydro-5-phenyt2(3H)-furanong(total 312.1 mg,1.61 mmol)

To a solution of the mixture (ca. 1.61 mmol) in THF (8 migsaddedithium alumirum hy-
dride (152.9 mg, 4.03 mmol) at @ under argon. After stirring for i at0 °C, a small amount
of H,O wasadded to the reaction mixture. The mixture was directly purlfiedilica-gel cd-
umn chromatographyhex/EtOAc= 1/2 to 1/3 to obtain(9-1-arylbutanl,4-diol (187.4 mg,
1.13 mmol)in 57% yield (2 steps) and 97% ee.

(S)-1-Phenylbutan-1,4-diol [(S)-1a)]
OH

@MOH

'H NMR (500 MHz, CDC)) : 7.33—7.33(m, 3H), 7.36—7.27 (m, 1H), 4.75t, J = 6.5 Hz,
1H), 3.74—3.67 (m, 2H), 2.40 (brs, 1H), 1.961.86 (m, 2H), 1.7#1.62 (m, 2H) Specto-
scopic data ofH NMR was identical to that of the refererk®

The enantiomeric ratio of9-1a was determined by HPLC analysis using Daicel Chiralcel
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OD-H column:n-he x ane i sopropanol = 91®non& § (mihdr)e w
56.0min, & (major) =61.7min. Absolute configuratiomas determined by reference 14.

Preparation of (S)-1-arylbutan-1,4-diol

\BCI
Arene (1.2 equiv.) Na,COs3 (2.0 equiv.) e} 2
OO AICl5 (1.5 equiv.) Mel (2.0 equiv.) OMe (1.1 equiv.)
\l\/\/EO CH,Cl, DMF, 60 °C, 18 h Ar THF, -10 °C, 48 h
0°Ctort,9h
First step Second step Third step
OH O P \ OH
LiAlH, (2.5 equiv.
Ar)\/\[(OMe + O - - Ar/'\/\/OH
THF,0°C,1h
o Ar
Fourth step

To a solution okuccinicanhydride(1.00 g, 10.0 mmol) andanisole(1.30mL, 12.0 mmol)in
CH,CI, (10 mL) was adde@lumirum trichloride(2.00 g, 15.0 mmol) a0 °C under argon. After
stirring for 9 h at room temperaturethe mixture wagjuenched with 1N HChg (20 mL) and
extractedwith EtOAc (30 mL x 3). The combined organic layers were dried oves3@a and
concentratedn vacuo. The resid(3.00 g) was used for next reaction without further pusfic
tion.

To a solution othe residug3.00 g) in DMF (15 mL) wereaddedNa,CO; (1.44 g, 20 mmol)
and Mel (.25 mL 20 mmol) at room temperatutader argonAfter stirring 18 h at 60°C, the
reactionmixture wasquenched with kD (20 mL) and extracted with hexane@®Ac (4/1, 30
mL x 3). The combined organic layers were dried ovesS®aand concentrated in vacubhe
residue was purified by siliegel chromatographyhex/EtOAc= 4/1 to 11) to give methyl
4-oxo0-4-(4' -methoxyphenylputyratein 69% vyield @ steps from first stef,.54 g, 6.92mmol).

To a solution of(-)-diisopinocampheyl chloroboran@&05.7 mg, 2.20 mmol) in THF (4 mL)
added obtainedhethyl 4-oxo-4-(4'-methoxyphenylputyrate (444.5 mg 2.00 mmol) at-10 °C
under argon. After stirring for 48 h at0°C, a small amount of 0 wasadded to the reaction
mixture. The mixture was directjyurified silicagel column chromatographihex/EtOAc= 2/1
to 1/1) to give the mixture of (§-methyl 4hydroxy-4-(4 -methoxyphenylputyrate and
(9-dihydro-5-(4' -methoxyphenyl}2(3H)-furanone(total 244.9mg, 1.09mmol).

To a solution othe mixture 244.9 mg, 1.09 mmplin THF (5.5 mL) wasaddedlithium alu-
minum hydridg(103.6mg, 2.73mmol) at 0°C under argon. After stirring for & at0 °C, a small
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amount of HO was added to the reaction mixture. The mixture was directly purifedgili-
cagel column  chromatography (hex/EtOAc = 1/3 to 1/ to give
(9-1-(4 -methoxyphenybutanl,4-diol in 44% vyield (2 steps from third step04.1 mg, 1.04
mmol) and77% ee

(S)-1-(4’-Methoxyphenyl)butan-1,4-diol [(S)-1c)]

OH

/@/‘\/\/OH
MeO

'H NMR (500 MHz, CDC}) :  &(d, I= 85 Hz, 2H), 6.88(d, J = 85 Hz, 2H), 4.69(dd, J =

5.5, 7.5Hz, 1H), 3.81 (s, 3H)3.72—3.66 (m, 2H),2.36 (brs, 1H), 2.05 (brs, 1H),91:—1.80

(m, 2H), 1.74—1.60(m, 2H). Spectroscopic data &1 NMR was identical to that of the refe
ences.

The enantiomeric ratio ofS)-1c was determined by HPLC analysis using Daicel Chiralcel
AD-H column:n-hexane : isopropanol 855, flow ratel.0 mL / mi n 10 nm: t fmajdt) =
42.4min, t (minor) = 45.2min. [a]5 = -27.4(c = 1.20in benzeng Absolute configuration
was determined by referen8e

To a solution ofsuccinic anhydride .00 g, 10.0 mmdl and fluorobenzene (1.12 mi12.0
mmol) in CH,Cl, (10 mL) was adde@luminum trichloride 2.00 g, 15.0 mmol) atO °C under
argon. After stirring fo® hatroom temperatureghe mixture wagjuenched with 1N HGhq (20
mL) and extracted with EtOAc (30 mL ). The combined organic layers were dried over
NaSO, andconcentratedh vacuo. The residue 44 g) was used for next reaction without-fu
ther purification.

To a solution othe residue (#4 g) in DMF (15 mL) wereaddedNa,CO; (1.44 g, 20 mmol)
and Mel (1.25 ml.20 mmol) at room temperature under argbiter stirring 18 h at 60°C, the
reactionmixture wasquenched with kD (20 mL) and extractedith hexane/EtOAc (4/1, 30
mL x 3). The combined organic layers were dried ovesS®aand concentrated in vacubhe
residue was purified by siliegel chromatographyhex/EtOAc= 5/1 to 3/) to give methyl
4-oxo0-4-(4' -fluorophenylputyrate in 39% yieldZsteps from first stej.828g, 3.94 mmol)

To a solution of-)-diisopinocampheyl chloroborar{#.39 g, 4.30 mmol) in THF (6 mL) added
obtained methy#l-oxo-4-(4’ -fluoropheny)butyrate 0.828 g 3.94 mmol) at-10°C under argon.
After stirring for 48 h at-10°C, a small amount of ¥0 wasadded to the reaction mixture. The
mixture was directly purified silicgel column chromatographfhex/EtOAc= 3/1 to 1/} to
give the mixture of (9-methyl  4hydroxy-4-(4'-fluorophenylputyrate and
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(9-dihydro-5-(4' -fluorophenyl}2(3H)-furanone(total 502.1 mg, 2.37 mmol).

To a solution of the mixture502.1 mg, 2.37 mmdlin THF (12 mL)wasaddedlithium alu-
minum hydridg(225.0 mg, 5.93 mmol) at®@ under argon. After stirring for i at0 °C, a small
amount of HO was added to the reaction mixture. The mixture was directly purifedgili-
cagel column chromatographfhex/EtOAc= 1/3 to 1/ to give (§-1-arylbutanl,4-diol (2
steps from third step, 320.5 mg, 1.74 mmol#4% yield an®4% ee.

(9)-1-(4’-Fluorophenyl)butan-1,4-diol [(S)-1f]

OH

o
F

'"H NMR (500 MHz, CDC)) : 33—7382(m, 2H), 7.06—7.01(m, 2H), 4.73(d, J = 6.5 Hz,
1H), 3.75—3.66 (m, 2H), 260 (brs, 1H)1.93 (brs, 1H), 1.84+1.83(m, 2H), 1.75—1.61(m,
2H). Spectroscopic data 4 NMR was identical to that of the refererice

The enantiomeric ratio of9-1f was determined by HPLC analysis using Daicel Chiralcel
AD-H column:n-hexane : isopropanol 855, flow rate1.0mL / mi n 10 nm: t fmajdt) =
25.6min,  (minor) = 27.2min. Absolute configuratiomvas determined by referenté.

Preparation of Racemic 1-(4’-methoxyphenyl)butan-1,4-diol (1c) and
1-(4’-fluorophenyl)butan-1,4-diol (1f)
@) _ . OH
)WOH LiAlH, (2.5 equiv.) )\/\/OH
Ar THF,0°C,1h Af
(0]

To a solution of3-( 4methylbenzoyl)propionic aci?92.5 mg, 1.40 mmplin THF (7 mL)
was addedithium aluminum hydridg212.5 mg, 5.60 mmol) at @ under argon. After stirring

for 1 h at0 °C, a small amount of ¥ was added to the reaction mixture. The mixture viias d
rectly purified by silica-gel column chromatographyhex/EtOAc = 1/3 to 1/9 to give
1-(4' -methoxyphenybutanl,4-diol (1c; 203.6 mg1.04 mmol) in 74% vyield.

To a solution of3-( 4fluorobenzoyl)propionic aciq815.4 mg, 4.16 mmplin THF (25 mL)
was addedithium aluminum hydridg759.0mg, 20.0mmol) at 0°C under argonAfter stirring
for 1 h atO °C to roomtemperatureH,O and 15 % NaOH aq. were added to the reaction mi
ture atO °C. After further stirring for 1 h, the mixture was filtrated through celite pad wi0 Et
(250 mL) and the filtrate was concentrated in vacuo. The residue was pbfigitica-gel
column chromteography(hex/EtOAc= 1/2 to 1/5 to give 1-(4'-fluorophenylputanl,4-diol (1f;
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386.8mg, 2.10mmol) in50% vyield.

3. Typical procedure of cyclic ether synthesis from diols

R NaH (2 equiv.) R

X>oH PO(OMe), (2.5 equiv.) ™\
> O
[MOH CPME, rt, 24 h [(\/}

n n

To a soluibn of a diol derivativg(0.200 mmol) in CPME (1 mL) wasdded NaH (0.@0 mmol,
60% oil suspension) abom temgrature under argon. After stirring for 10 min, tmethyl
phoghate (0.B0 mmol) was addedAfter further stirring for24 h the mixture was quenched
with H,O and extracted witlEt,O (20 mLx 3). The combined organic layers were dried over
NaSO, and concentrated in vacuo. The residue was purified by-giicaolumn chromatp
raphy to giveacyclic etherproduct.

4. Optimization for usage of base and phosphate

R NaH (X equiv.) R

>on PO(OMe); (Y equiv.) NN\
- O
[(\/),OH CPME, temp., time [<\)}

n n

entry Xeq.) (Yeq.) temperature | time (h) yield®
SM product
1 3.0 3.0 rt 24 3% 75%
2 1.0 3.0 rt 24 33% 51%
3 2.0 1.0 rt 16 65% 34%
4 2.0 2.0 rt 24 11% 71%
5 2.0 2.0 80°C 24 7 68
6 2.0 25 rt 24 0 88% (86%)
7 2.0 3.0 rt 24 0% 83%

a) The yield was determined By NMR using1,1,2,2tetrachloroethane as an internal standard.
b) Isolated yield.

5. Spectroscopic data of products
3-Phenyltetrahydrofuran (2a)

O

L

Ph
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When usinga substrate Xa: 33.2mg, 0.200 mmol) in Table 1, entrl and Table 2, entry ac-
cording to typicalprocedure 3-phenyltetrahydrofuraf2a: 25.6 mg, 0.173 mmol) was obtained
in 86% yield afterthe purification by silicagel column chromatographiéx/EtO =10/1).

Pale yellow oil.'H NMR (500 MHz, CDC}) : 7834—7.31(m, 2H), 7.27—7.21(m, 3H), 4.15 (t,
J=28.0 Hz 1H), 4.08 (tdJ = 4.0, 8.0 Hz1H), 3.93 (qJ = 8.0 Hz 1H), 3.73 (t,J = 8.0 Hz 1H),
3.41 (quint,d = 8.0 Hz 1H), 2.40—2.34 (m, 1H), 2.06—1.98 (m, 1H). *C NMR (125 MHz,
CDCl) 132.6, 128.6, 127.2, 126.5, 74.7, 68.5, 45.0, Bpéctroscopic data &H NMR and
*C NMR wereidentical to hoseof the referencéé.

2-Phenyltetrahydrofuran (2b)

0
Ph

When usinga substrate Xb: 33.2 mg, 0.200 mmol) in Table2, entry2 according to typicapro-

cedure 2-phenyltetrahydrofurafi2b: 26.8mg, 0.181mmol) was obtained i81% yield afterthe

purification by silicagel column chromatographpénanéEt,O = 50/1).

Paleyellow oil. '"H NMR (500 MHz, CDC}) : 7834—7.31(m, 4H), 7.27—7.23(m, 1H), 4.90 (t,
J=7.0 Hz 1H), 4.10 (ddJ= 7.0, 15.0 Hz1H), 3.94 (ddJ = 8.0, 14.0 Hz1H), 2.36—2.30 {n,

1H), 2.07—1.95 , 2H), 1.85—1.77 (m, 1H). **C NMR (125 MHz, CDCJ)  133.4, 128.3,
127.1, 125.6, 80.7, 68.7, 34.6, 2683pectroscopic data 4 NMR and™*C NMR wereidentical

to thoseof the referencéa?.

(S)-2-Phenyltetrahydrofuran [(S)-2b]

o
Ph

When usinga substratd (S)-1b: 33.2 mg, 0.220 mmol] in Table3, entry1 according to typical
procedure, dhenyltetrahydrofuraif(S)-2b: 26.8 mg, 0.16L mmol] was obtained if81% yield
and 96% eafterthe purification by silicagel column chromatographpdntanéet,O = 20/1).

The enantiomeriaatio of (§-2b was determined by HPLC analysis using Daicel Chiralcel
AD-H column:n-hexane: isopropanol =79.9: 0.1, flow rate 08 mL / mi n 10nm: t @gna- 2
jor) =13.6min, & (minor) =15.3min. Absolute configuratiomwas determined by reference. 14

2-(4’-Methoxyphenyl)tetrahydrofuran (2c)

o

MeO

When usinga substrate Ic: 39.2mg, 0.200 mmol) in Table2, entry3 according to typicapro-
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cedure2-( 4methoxyphenyltetrahydrofuraf2c: 27.6 mg, 0.155 mmol) was obtained ii78%
yield afterthe purification by silicagel column chromatographipéx/EtOAc =10/1).

Colorless oil.'H NMR (500 MHz, CDC}) : %27—7.25(m, 2H), 6.89—6.86(m, 2H), 4.83 (t,
J=7.5Hz 1H), 4.08 (ddJ = 7.5, 14.5 Hz1H), 3.94-3.88 fm, 1H), 3.80 &, 3H),2.29—2.24
(m, 1H), 2.07—1.95 fn, 2H), 1.83—1.77(m, 1H). °C NMR (125 MHz, CDCJ) 158.8, 135.3,
126.9, 113.6, 80.4, 68.5, 55.3, 34.5, 2&Pectroscopic data dH NMR and**C NMR were
identical to tloseof the referencé?.

(S)-2-(4’-Methoxyphenyl)tetrahydrofuran [(S)-2c]

O

MeO

When usinga substratd (§-1c: 39.2 mg, 0.20 mmol] in Table3, entry3 according to typical
procedure,(S-2-(4' -methoxymeny)tetrahydrofuran[(§-2c: 21.8 mg, 0.122 mmol] was d-
tained in61% vyield and 71% eaafter the purification by silicagel column chromatography
(pentanéet,O = 50/1).

The enantiomeric ratio ofS)-2c was determined by HPLC analysis using Daicel Chiralcel
OD-H column:n-hexane : isopropanol §0:10, flow rate1.0mL / mi n 10nm: § @ind) =

6.2 min, t (major) =6.8 min. [a]5 = —21.9(c = 0.85in CH,CI). Absolute configurationwas
determined by reference 18

2-(4’-Methylphenyl)tetrahydrofuran (2d)

0

Me

When usinga substrate {d: 36.0mg, 0.200 mmol) in Table2, entry4 accordimy to typicalpro-

cedure,2-( 4methylphenyl)tetrahydrofuraf2d: 21.9 mg, 0.135 mmol) was obtained i68%

yield afterthe purification by silicagel column chromatographigx/EtOAc =10/1).

Colorless oil*H NMR (500 MHz, CDC}) : %23 (d,J = 7.8 Hz 2H), 7.14 (d,J = 7.8 Hz 2H),

4.86 (t,J=6.5 1H), 4.11-4.06 (n, 1H), 3.94—3.90 (, 1H), 2.34 §, 3H), 2.32—2.26 {n,

1H), 2.06—1.94 (n, 2H), 1.83—1.76(, 1H). *C NMR (125MHz, CDCkL)  1%0.3, 136.7,
128.9, 125.5, 80.5, 68.6, 34.6, 26.0, 28ectroscopic data & and**C NMR wereidentical
to thoseof the referencé?.

2-(4’-Chlorophenyl)tetrahydrofuran (2e)
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Cl

When usinga substrate g: 40.1mg, 0.200 mmol) in Table2, entry5 according toypical pro-
cedure,2-( 4chlorophenyl)tetrahydrofurafe: 24.9 mg, 0.136 mmol) was obtained i168%
yield afterthe purification by silicagel column chromatographiéx/EtOAc =10/1).

Colorless oil."H NMR (500 MHz, CDC}) : B35—7.25(m, 4H), 4.86(t, J = 7.3 Hz, 1H),
4.12—4.06 (m, 1H), 3.95-3.91 (m, 1H), 2.35-2.29 (m, 1H), 2.04.98 (m, 2H), 1.78-1.73
(m, 1H). **C NMR (125 MHz, CDGC)) 2.0 132.7 128.4 127.Q 80.Q 68.7, 34.7, 25.9
Spectroscopic data &fl and**C NMR wereidentical to tloseof the referenca?7.

2-(4-Fluorophenyl)tetrahydrofuran (2f)

O

F

When usinga substrate If: 36.8 mg, 0.25 mmol) in Tabl@, entry 6according to typicaproge-
dure,2-( 4fluorophenyl)tetrahydrofura(2f: 17.6 mg, 0.106 mmol) was obtained i83% yield
afterthe purification by silicagel column chromatographpdntanéet,O =10/1).

Colorless oil.*H NMR (500 MHz, CDC}) : B34—7.28 fn, 2H), 7.03—7.00 fm, 2H), 4.85 (t,
J=7.0 Hz 1H), 4.09 (dd,J = 7.0, 15.0 Hz1H), 3.97 (ddJ = 7.0, 15.0 Hz1H), 2.34—2.28 (n,
1H), 2.04—1.97 , 2H), 1.86—1.73 M, 1H). **C NMR (125 MHz, CDG)) 1%2.0 (d,J =
243.4 Hz), 139.0 (d] = 3.5 Hz), 127.2 (d) = 8.3 Hz), 115.0 (dJ = 21.5 Hz), 80.1, 68.6, 34.7,
26.0.Spectroscopic data Gfl and**C NMR wereidentical to that of the referends.
(9)-2-(4’-Fluorophenyl)tetrahydrofuran [(S)-2f)]

O

F

When usig a substratd(9-1f: 36.8mg, 0.0 mmol] in Table3, entry2 according to typical
procedure(9-2-( 4fluorophenyl)tetrahydrofuraf(S)-2f: 26.8 mg, 0.134mmol] was obtained
in 67% vyield and 92% eeafter the purification by silicagel column chromatographypén-
tandEt,O = 10/1).

The enantiomeric ratio ¢5)-2f was determined by HPLC analysis using Daicel ChiralckEH
column:n-hexane : isopropanol 80:20, f | ow r at e 00.nh: t Mindr)nFildh9,
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min, & (major) =14.7min. [a]5 = -26.0(c =0.59in CH,Cl,). Absolute configurationvas -
temmined by reference 14

2-Octyltetrahydrofuran (2g)

Wl

7
When usinga substrate {g: 40.5mg, 0.0 mmol) in Table2, entry7 according to typicapro-
cedure, octyltetrahydrofurandg: 28.9 mg, 0157 mmol) was obtained 7% yield afterthe
purification by silicagel column chromatographipéx/EtO = 30/1).
Colorless oil.'H NMR (500 MHz, CDC}) : #$.88—3.87 (m, 1H), 3.80—3.75 (m, 1H),
3.73—3.69 (m, 1H), 2.08-1.93(m, 1H), 1.92-1.80 (m, 2H), 1.63+-1.53 (m, 1H), 1.46-1.36
(m, 3H), 1.34-1.21 (m, 11H), 0.88t, J = 7.0Hz, 3H). **C NMR (125 MHz, CDC)) 7.5,
67.6, 35.7, 31.9, 31.4, 29.8, 29.6, 29.3, 26.4, 25.7, 22.7, 3@ettroscopic data of and**C
NMR wereidentical to tloseof the referenc@0.

2,2-Di(4’-methylphenyl)tetrahydrofuran (2h)
QL

When usinga substrate Xh: 54.1mg, 0200 mmol) in Table2, entry8 according to typicapro-
cedure,2,2-di (-methylphenylyetrahydrofuran(2h: 38.3 mg, 0.152 mmol) was obtained in
76% yield afterthe purification by silicagel column chromatographjgx/EtOAc =50/1).
Colorless oil.'H NMR (500 MHz, CDC}) : %30 (d,J = 8.3 Hz 4H), 7.09 (d,J = 8.3 Hz 4H),
4.02 (t,J = 7.0 Hz 2H), 2.51 (t,J = 7.5 Hz 2H), 1.96—1.90 fn, 2H). **C NMR (125 MHz,
CDCl;) 143:6, 136.1, 128.8, 125.7, 87.8, 67.3, 38.5, 25.4, R.QATR) cm’: 3022, 2974,
2920, 2872, 1900, 1612, 1509, 1454, 1407, 1377, 1312, 1245, 1210, 1182, 112102050,
ESFHRMS m/z:275.1409 [M+Na]"); Calcd for GgH,ONa: 275.1406

Phthalan (2i)

(e

When usinga substrate Xi: 27.6 mg, 0.200 mmol) in Table2, entry9 according to typicapro-
cedure phthalan(2i: 16.1mg, 0.134 mmol) was obtained i%7% yield afterthe purification by
silica-gel column chromatographpéntanéet,O =30/1).
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Pale yellow oil."H NMR (500 MHz, CDC}) : ©28—7.23 (m, 4H), 5.12 (s, 4H). **C NMR
(125 MHz, CDC})  189.0, 127.2, 120.9, 73.6pectroscopic data 41 NMR was identical to
that of the referenc2l. Spectroscopic data 6iC NMR wereidentical to tloseof the reference
22.

5,6-Dimethoxyphthalan (2j)
MeO
1e
MeO
When usinga substrate {j: 39.6mg, 0.200 mmol) in Table2, entry10 according to typicapro-
cedure,5,6-dimethoxyphthalar(2j: 16.5mg, 0.092 mmol) was obtained iA6% yield afterthe
purification by silicagel column chromatographipdx/EtOAc =10/1).
Colorless solidM.p. 106-107 °C. *"H NMR (500 MHz, CDCk) : &77 (s, 2H), 5.08 (s, 4H),
3.88 6, 6H). *C NMR (125 MHz, CDC))  1#8.8, 130.4, 104.0, 73.8, 56IR (ATR) cm®:
301Q 2957, 2905, 2854, 2835, 1755, 1659, 1612, 1504, 1465, 1417, 1364, 1328, 1307, 1279,

1249, 1219, 1189, 1174, 11a1044 ESFHRMS m/z:181..0859[M+H]"); Calcd for GoH140s:
181.0859

5,6-Dichlorophthalan (2k)
Cl
JON:
Cl
When usinga substrate Xk: 41.4 mg, 0.200 mmol) in Table2, entry 11 according to typical
procedureb,6-dichlorophthalar(2k: 19.0mg, Q101 mmol) was obtained i60% yield afterthe
purification by siica-gel column chromatographigx/EtOAc = 2/1).
Colorless solid'H NMR (500 MHz, CDC)) : 7333(s, 2H), 5.05(s, 4H. **C NMR (125 MHz,

CDCl) 189.4, 131.3, 122.9, 72.9, 56Spectroscopic data &ff and**C NMR wereidentical
to thoseof the referencd.

2,9-Dimethylphthalan (cig/'trans = 64/36) (21)
@)

When usinga substrate {l: 33.2mg, 0.200 mmol, dr = 69/3) in Table2, entry12 according to
typical procedure2,9-dimethylphthalan(2l: 11.6 mg, 0.078 mmol) was obtained i89% yield
afterthe purification by siica-gel column chromatographi€x/EtO =10/1).
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Inseperable diastereomer mixture was obtair@dlorless oil.'H NMR (500 MHz, CDC)) : &
7.30—7.26 (m, 2H), 7.17—7.13 (m, 2H), 5.40(q, J = 6.0 Hz, 0.72H)5.23 (q,J = 5.8 Hz,
1.28H), 1.53(d, J = 5.8 Hz, 3.84H)1.47 (dJ=6.0Hz, 2.16H). ®*C NMR (125 MHz, CDGJ)) & :
143.7, 143.2, 127.4, 127.3, 120.9, 120.8, 78.7, 78.6, 22.3,S}&ttroscopic data df and**C
NMR wereidentical to tloseof the referenc@3.

2,3-Dihydrobenzofuran (2m)

L

When usinga substrate {m: 27.6 mg, 0.200 mmol) in Table2, entry 13 according to typical
procedure2,3-dihydrobenzofurari2m: 22.0mg, 0.180 mmol) was obtained i80% vyield after
the purification by silicagel column chromatographpéntanéEt,O =30/1).

Pale yellow oil."H NMR (500 MHz, CDC}) &: 7.20(d, J = 7.3 Hz 1H), 7.11(dd,J = 7.3, 7.5
Hz, 1H), 6.84 (dd,J = 7.3, 7.5 Hz1H), 6.79 (ddJ = 7.3, 7.5 Hz 1H), 4.56 (t,J = 8.5 Hz 2H),
3.21 (t,J = 8.5 Hz 2H). ®*C NMR (125 MHz, CDCJ)) 1%0.0, 127.9, 126.8, 124.9, 120.3,
109.3, 71.0, 29.7Spectroscopic data dH and*C NMR wereidentical to tloseof the refe-
ence24.

Isochroman (2n)

o

When usinga substrate {n: 30.4 mg, 0.200 mmol) in Table2, entry 14 according to typical
procedurejsochromar(2n: 11.9mg, 0.089 mmol) was obtained i45% yield afterthe purifica-
tion by silicagel column chromatographizéx/EtOAc =50/1).

Pale yellow oil.*H NMR (500 MHz, CDC})) : B17—7.15(m,3H),6 . 9 9 —6 .181)74.78 m,
(s,2H), 3.98 (tJ = 5.5 Hz 2H), 2.87 (t,J = 5.5 Hz 2H). *C NMR (125 MHz, CDG))  184.9,
133.2, 128.9, 126.3, 126.0, 124.4, 67.9, 65.4, Zp8ctroscopic data o and™*C NMR were
identical to tlmseof the referenc@b.

2-Phenyltetrahydropyran (20)

0]

When usinga substrate Xo: 36.0 mg, 0.200 mmol) in Table2, entry 15 according to typical
procedure2-phenyltetrahydropyraRo: 8.4 mg, 0.053 mmol) was obtained i26% yield after
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thepurification by siica-gel column chromatographipgx/EtO = 50/1).

Pale yellow oil.'"H NMR (500 MHz, CDCJ) : %&36—7.24 (m, 5H), 4.34—4.31 (m, 1H),
4.16—4.13 (n, 1H), 3.65—3.60 (M, 1H), 1.96—1.93 (n, 1H), 1.85—1.82 (n, 1H), 1.73—1.57

(m, 4H). **C NMR (125 MHz, CDC}) 183.3, 128.3, 127.3, 125.8, 80.1, 69.0, 34.0, 25.9, 24.0.
Spectroscopic data &fl and**C NMR wereidentical to tloseof the referenca9.

6,7-Dihydro-5H-dibenz[c, eloxepine (2p)

@)

When usinga substrate Xp: 42.9 mg, 0.200 mmol) in Table2, entry 16 according to typical
procedureg, 7-dihydro-5H-dibenz,eloxepine(2p: 29.9mg, 0.152 mmol) was obtained ii6%
yield afterthe purification by silicagel column chromatographigx/EtOAc =10/1).

Colorless solid'H NMR (500 MHz, CDC}) : B58—7.56 (m, 2H), 7.53—7.50 (m, 2H),
7.46—7.41 (m, 4H), 4.37 6, 4H). °C NMR (125 MHz, CDCJ)  181.2, 135.1, 129.7, 128.9,
128.2, 127.5, 67.5pectroscopic data H NMR and**C NMR wereidentical to tloseof the
reference26.

6. Mechanistic studies
Equation 1

To a solution oR-phenylbutarl,4-diol (1a; 33.2mg, 0.200 mmol) ifCPME (1 mL) wasadd-
ed NaH (6.0 mg, 0400 mmol, 60% oil suspension) eiom temperatureunder argon. After
stirring for 10 min trimethyl phoghate 67 ul, 0.500 mmol)was added tthe reactionmixture
After further stirring for6 h or 24 hat room temperaturehe mixture was quenched with brine
(5 mL) and extracted withEt,O (20 ml x 3). The combined organic layers were driegrov
NaSQO, and concentrated in vacuo. The residue waslyzed by 'H NMR with
1,1,2,2tetrachl@oethane as an internal stardiaffter 6 h, 2a (13.9 mg, 0.4 mmol, 47%),
trace amount omonophosgorylated 2phenylbutarl,4-diol (3), cyclic phosphate4)) anddi-
phosphorylated -phenylbutarl,4-diol (5), and the recoveed starting material 1@; 2.3 mg,
0.014 mmol, 7%) weredetected respectivelyAfter 24 h,2a (26.1mg, 0.200mmol, 88%), trace
amount of3, 4 and5 were detected, respectively.

Equation 2
Preparation of mono-phosporylated 2-phenylbutan-1,4-diol (3)
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Etz3N (1.6 equiv.)

oH POCI(OMe), (1.2 equiv.) OPO(OMe),
J/\A DMAP (10 mol%) LA /LA
Ph OH CH,Cly, rt, 1 week OPO(OMe),
1a

To a solution of2-phenylbutarl,4-diol (1a: 332.5mg, 2.0 mmol) in CH,Cl, (10 mL) were
addedtriethylamine (430uL, 3.1 mmol),dimethyl chlorophosphaté60 pL, 2.4 mmol) and
N,N-dimethyt4-aminopyridine(24.5 mg, 0.2 mmolpat room temperatureunder argon. After
stirring for 1 weekat roomtemperaturethe mixture was quenched withO (20 mL) and &-
tracted withEtOAc (20 mlx 3). The combined organic layers were dried oveSgrand com-
centrated in vacud he residue was purified by siliggel chromatographghex/EtOAc= 1/5 to
EtOAc only) to give the regioisomemixture of moncphosgorylated 2-phenylbutarl,4-diol
(3) in 2% yield (108.1 mg, 0.4 mmol)
mono-phosphorylated 2-phenylbutan-1,4-diol (63 : 37 mixture of regioisomers) (3)

OR! R' = H, R2 = PO(OMe),
J/\/\ and
Ph OR?2 R'=PO(OMe),, RZ=H

Pale yellow oil'"H NMR (500 MHz, CDC}) : 36—73L1 (m, 2H), 727—7 22 (m, 3H),
422417 (m, 1H), 4.08—4.02 (m, 1H), 3.96-3.89 (m, 1H), 3.84-3.60 (m, 6.6H),
3.55—3.50 (m, 0.4H), 3.20-3.14 (m, 0.4H), 3.02-2.97 (m, 0.6H), 2.23-2.16 (m, 0.6H),
2.12—2.05 (m, 0.4H), 2.04-1.93 (m, 0.6H), 1.94-1.84 (m, 0.4H).”*C NMR (125 MHz,
CDCl;) 130.9, 140.6, 128.8, 128.728.0, 128.0, 127.1, 127.1, 7488 J=5.9Hz),61.1, 65.9
(d,J=6.0Hz), 60.3, 54.3d, J = 5.9Hz), 542 (d, J = 5.9 Hz), 44.6, 42.9d, J = 5.9 Hz), 34.6,
32.6(d, J = 7.1Hz). *P NMR (213 MHz, CDGJ, triphenylphosphine as an external standard;
6. 0 pR")18 IRG(ATR) cm’ 3409, 2956, 1602, 1494, 1453, 1254, 1185, 1015
ESFHRMS m/z: B7.0872([M+Na]"); Calcd for G,H150sPNa:297.0862

Reaction of 3 (equation 2)

To a solution of8 (41.1mg, 0150 mmo) in CPME (0.75mL) wasadded NaH&.0 mg, 0150
mmol, 60% oil suspension) esomtemperatureinder argon. After stirring fd® h or 0.5 h the
mixture was quenched with brine and extracted \iti© (20 ml x 3). The combined organic
layers were dried over NaQO, and concentrated in vacuo. The residue aaalyzed bylH
NMR with 1,1,2 2tetrachlor@thane as an internal standlefor 6 h,2a (14.2mg, 0.6 mmol,
47%), trace amount of cyclic phosphat® é&ndrecoveed starting material §; 2.3 mg, 0.(.4
mmol, 7%) were detected For 0.5 h,2a (8.9 mg, 0.9 mmol, 40%) and4 (20.8 mg, 0.086
mmol, 57% weredetected
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Cyclic phosphate (4)

o)
O\B\/OMe
0
Ph

Colorlessoil. *H NMR (500 MHz, CDC)) : 7.35—731 (m, 2H), 7.3—727 (m, 1H),
7.20—7.18 (m, 2H), 4.45-4.39 (m, 1H), 4.36-4.08 (m, 3H), 3.87d, J = 115 Hz, 3H),
3.18-3.12 (m, 1H), 2.36-2.28 (m, 1H), 2.12-2.07 (m, 1H)“C NMR (125 MHz, COTl;) & :
139.7, 129.0, 127.5, 127.2, 74 J = 3.5Hz),67.2(d, J= 7.1 Hz), 545 (d, J = 6.0 Hz),46.5,

36.8 *'P NMR (213 MHz, CDG], triphenyl phosphine as an extarstandard:6 . 0 p{®.2) : &
IR (ATR) cm’: 3483, 2956, 2919, 2854, 1602, 1494, 1453, 1264, 1186, 1103, 1052, 1011
ESFHRMS m/z:265.0609[M+Na]"); Calcd for G;H;:0,PNa:265.0600

Equation 3

To a solution oft (24.2mg, 0.100mmol) and MeOH (12uL, 0.30mmol) in CPME (0.5 mL)
wasadded NaH X2.0 mg, 0.300 mmol, 60% oil suspension) edom temperature under argon.
After stirring for 6 h at roomtemperaturgthe mixture was quenched withO (5 mL)and &-
tracted with EtOAc(30 ml x 3). The residue wasnalyzed by 'H NMR with
1,1,2,2tetrachl@oethane as an internal stardl@a (9.6 mg, 0.5 mmol, 65%) andla (0.8 mg,
0.005 mmol, %6) weredetected

Equation 4
Prearation of diphosphorylated 2-phenylbutan-1,4-diol (5)
OH NaH (2 equiv.) OPO(OMe),
J/\A POCI(OMe), (2.5 equiv.) J/\/\
Ph OH CPME, rt, 24 h Ph OPO(OMe),
1a 5

To a solution ofla (498.7mg, 3.0 mmol) in CPME (15 mL) wasadded NaH Z40.0mg, 6.0
mmol, 60% oil suspensiorgtroomtemperatureinder argon. After stirring fat0 min dimethyl
chlorophosphaté812 uL, 7.5 mmol)was added. After further stirring for 24athroomtempe-
ature the mixture was quenched with® (15 mL) and extracted witlEtOAc (20 mix 3). The
combined organic layers were dried over${@, and concentrated in vacudhe residue was
purified by silicagel chromatographyEtOAd/MeOH = 30/1 to 10/1to give diphosorylated
2-phenylbutanl,4-diol (5) in 14% yield (155.6 mg, 0.41 mml).

Diphosphorylated 2-phenylbutan-1,4-diol (5)
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OPO(OMe),

Ph/[/\OPO(OMe)z

Colorless oil '"H NMR (500 MHz, CDC)) : d—719 (8, 5H), 4.22—4.12 (m, 2H),

4.05—3.99(m, 1H),3.91—3.85(m, 1H), 3.75—3.70(m, 6H), 3.68(d, J = 11.0 Hz, 3H)3.62 (d,
J=12.0 Hz, 3H), 3.19-3.13 (m, 1H), 2.29-2.22 (m, 1H), 2.04-1.95 (m, 1H)**C NMR (125
MHz, CDCkL) 189.5, 128.7, 128.0, 127.31.0(d, J=6.0Hz), 65.3(d, J =6.0Hz),54.2(d, J

=3.8Hz),54.2(d, J = 5.9Hz), 42.4(d, J = 7.1 Hz), 32.4(d, J = 7.3 Hz). *P NMR (213 MHz,
CDCls, triphenyl phosphine as an extal standard6 . 0 p p7m0.4 IR (ATRPcm’: 3473,
2956, 2854, 1495, 1454, 1265, 1185, 1L0B3FHRMS m/z:405.0834([M+Na]*); Calcd for
C14H,240sPNa: 405.0839

Reaction of 5 (Equation 4)

To a solution ob (37.8 mg, 0100 mmol)and MeOH (12uL, 0.300 mmoljn CPME (0.5mL)
wasadded NaH 12.0mg, 0300 mmol, 60% oil suspension) iEtom temperatureinder argon.
After stirring for 2 h at roomtemperaturgthe mixture was quenched withO (5 mL) and &-
tracted withEtOAc(30 ml x 3). The combined organic layers were dried oveSNaand co-
centrated in vacuo. The residue veamlyzed byH NMR with 1,1,2,2tetrachlgoethane as an
internal standat, 2a (12.0mg, 0081 mmol, 81%) wasdetected
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7. 'H and *C NMR spectra of newly synthesized substrate and products
'H NMR of dodecan-1,4-diol (1g)

SA5-18-fr11-25-CDCI3-2s-ECA500

OH r

\WOH
7
CDCl3, 500 MHz

3.01

o

R S AR A

o o
8 885
N RX®
<4 ocoo

X : parts per Million : 1H

3C NMR of dodecan-1,4-diol (1g)

C-SA5-18-fr11-25-CDCI3-2s-ECA500

OH

\W\/OH
7
CDCl3, 125 MHz
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'H NMR of 3-phenyltetrahydrofuran (2a)

SA4-50-2-CDCI3-ECA500

3.40
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CDCl3, 500 MHz
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3C NMR of 3-phenyltetrahydrofuran (2a)
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'H NMR of 2-phenyltetrahydrofuran (2b)

0
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'H NMR of 2-(4>-methoxyphenyl)tetrahydrofuran (2c)

80'€

MeO

CDCl3, 500 MHz
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BC NMR of 2-(4’-methoxyphenyl)tetrahydrofuran (2c)
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'"H NMR of 2-(4>-methylphenyl)tetrahydrofuran (2d)

SA4-138-fr5-7-CDCI3-ECA500
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BC NMR of 2-(4’-methylphenyl)tetrahydrofuran (2d)
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'H NMR of 2-(4’-chlorophenyl)tetrahydrofuran (2e)
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'"H NMR of 2-(4’-fluorophenyl)tetrahydrofuran (2f)
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3C NMR of 2-(4’-fluorophenyl)tetrahydrofuran (2f)
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'"H NMR of 2-octyltetrahydrofuran (2g)

SA5-20-fr6-13-CDCI3-15s-ECA500
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'H NMR of 2,2-di(4’-methylphenyl)tetrahydrofuran (2h)

SA4-143-fr6-10-CDCI3-ECA500
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BC NMR of 2,2-di(4’-methylphenyl)tetrahydrofuran (2h)

C-SA4-143-fr6-10-CDCI3-ECA500

CDCl3, 125 MHz
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'H NMR of phthalan (2i)

SA4-87-fr7-13-CDCI3-ECA500

3.98

4.00

0]

CDCl3, 500 MHz

8.0 7.0 6.0

X : parts per Million : 1H

o

.0

5.124—

4.0 3.0 2.0 1.0

C NMR of phthalan (2i)

C-SA4-87-fr7-13-2-CDCI3-ECA500

J

@)

CDCls, 125 MHz

X : parts per Million : 13C

ol " | | e Al ok d "

1900 180.0 1700 1600 1500 1400 130.0 1200 1100 100.0 90.0 800 700 600 500 400 300 200  10.0
LooLL L
2 g & b
= - i n
g 53 o
3 N 8 2
8 S 8

S30




'H NMR of 5,6-dimethoxyphthalan (2j)

SA4-68-fr19-26-CDCI3-ECA500

X : parts per Million : 1H
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BC NMR of 5,6-dimethoxyphthalan (2j)

C-SA4-68-fr19-26-CDCI3-ECA500
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'H NMR of 5,6-dichlorophthalan (2k)

SA4-111-fr8-13-CDCI3-ECA500

X : parts per Million : 1H
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'H NMR of 2,9-dimethylphthalan (cig/trans = 64/36) (2I)

SA4-96-fr10-15-CDCI3-ECA500
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C NMR of 2,9-dimethylphthalan (cig/trans = 64/36) (21)
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'H NMR of 2,3-dihydrobenzofuran (2m)

SA4-85-fr3-5-CDCI3-ECA500
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BC NMR of 2,3-dihydrobenzofuran (2m)
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'H NMR of isochroman (2n)

SA4-99-fr10-15-CDCI3-ECA500
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C NMR of isochroman (2n)
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'H NMR of 2-phenyltetrahydropyran (20)

ECA500

oLe

CDCl3, 500 MHz

SA4-113-fr6-17-CDCI3-|

T

1.0
=
>
e}
-

2.0
«
@
)
=

X : parts per Million : 1H
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'H NMR of 6,7-dihydro-5H-dibenz[c,e]oxepine (2p)

SA4-70-fr7-10-CDCI3-ECA500
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C NMR of 6,7-dihydro-5H-dibenz[c,e]oxepine (2p)

C-SA4-70-fr7-10-CDCI3-ECA500
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'H NMR of mono-phosporylated 2-phenylbutan-1,4-diol (3)

SA4-130-fr34-41-2-CDCI3-ECA500
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3IP NMR of mono-phosporylated 2-phenylbutan-1,4-diol (3)

P-SA4-130-fr34-41-CDCI3-ECA500
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3C NMR of Cyclic phosphate (4)

C-SA4-129-fr5-21-3-fr6-9-CDCI3-ECA500
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P NMR of Cyclic phosphate (4)
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'H NMR of diphosphorylated 2-phenylbutan-1,4-diol (5)

SA4-184-last-refr27-33-fr31-37-CDCI3-2s-ECA500
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3C NMR of diphosphorylated 2-phenylbutan-1,4-diol (5)
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'P NMR of diphosphorylated 2-phenylbutan-1,4-diol (5)

P-SA4-184-last-refr27-33-fr31-37-CDCI3-ECA500
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8. HPL.C charts of chiral substrates and products
(S)-1-Phenylbutan-1,4-diol [(S)-1a]
OH

©MOH
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(S)-1-(4’-Methoxyphenyl)butan-1,4-diol [(S)-1c]

OH

@MOH
MeO
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(S)-1-(4>-Fluorophenyl)butan-1,4-diol [(S)-1f]

OH

/©/k/\/OH
F
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(S)-2-Phenyltetrahydrofuran [(S)-2b]

b

Ph
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(S)-2-(4>-Methoxyphenyl)tetrahydrofuran [(S)-2c]
0]

MeO
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(S)-2-(4’-Fluorophenyl)tetrahydrofuran [(S)-2f)]

0]
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