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1. Checklist of characterization data of all compounds

a. Checklist of characterization data of synthesized intermediates

New/ H- Bc-
Code Compound Known NMR NMR IR | HRMS
Al CZ‘\ Known / / - -
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b. Checklist otharacterization data of starting alcohols

New/ | H- | Bc-
Code Compound Known | NMR | NMR IR | HRMS
OH H
l1a ©)\/V \@ New / / / /
OMe
OH H
1b ©)\/\/N\© Known / / - -
OH H
1c /©/'\/V O New / / / /
F OMe
OH H
1d /@J\/v O New / / / /
Cl OMe
F3;CO 1§ H
1e | '° @J\/V \@ New / / / /
OMe
OH H
1f /@J\/VNO New | / ;| /
Me OMe
19 | @J\/v \@ New | / I /
OMe
OH
1h Known / / - -
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c. Checklist of characterization data of products

New/ | *H- 3c-
Code Compound Known | NMR | NMR IR HRMS
o'y
2a © Known / / / /
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2. General information:

Unless otherwisaoted all reactions were carried outavendried 5 ml vial All the reagents

and solvents were bought from commercial sources and were used without further
purification. All reactions were executed with owdmed glassware undenert condition
usingargon 1,2-Dichloroethane (DCE) was distilled using GaBry THF, diethyl etherand
toluenewere obtained frona VAC solvent purifier. NMR spectra were recorded with a 400

MHz (*H) and 100 MHz ¢3C) spectrometer as solutions in CRGChemi cal shi fts
reported in parts per million (pprand are referencedtoCRGI4 = 7. 26 ppm) as
standard. All coupling constantg) (are expressed in HZ'he description of the signals
include: s = singlet, d = doublet, t = triplet, m = multiplet and dd = doublet of doublets, at =
apparent tripletIR spectra were recded by a Perkin Elmer FIR Spectrometer. High
Resolution Mass Spectra (HRMS) were performed with a micrOTOF (Bruker) spectrometer

by Naformate. The molecular fragments are quoted as the relation between mass and charge
(m/2. The enantiospecificity(e.s) of products were determined by chiral HPLC using the
corresponding racemic compounds as references. The routine monitoring of reactions was
performed by crudéH NMR.

3. List of abbreviations

Cb N,N'-diisopripylcarbamoyl
Me Methyl

n-Hex n-hexyl

PE Petroleum ethe40/60 fraction
Ph Phenyl

sBu secbutyl

THF Tetrahydrofuran

DMF N,N-Dimethylformamide
TLC Thin Layer Chromatography
DCE Dichloroethane

DPPF 1 ,-Aeipcenediybis(diphenylphosphine)



4. General SchemeA for the synthesis ofla, 1b, 1c, 1d, 1¢ 1f, and 1g:
O A
0
NH DMF, reflux THF, rt \©\Y

X=H,Y =0Me, B1,63 %
Y X=H,Y=H,B2,49%
Y=H,A1,70 % X =p-F, Y =0OMe, B3, 52 %
Y = OMe, A2, 81 % X =p-Cl, Y =0OMe, B4,55 %

X =p-Me, Y = OMe, B5, 59 %
X = m-OCF3, Y = OMe, B6, 35 %
OH X =m-OMe, Y = OMe, B7, 53 %

(R)-CBS-Ox H
BH4/THF /O)\/\/ \@\
THF, 0 °C X Y

OMe, 1a, 61 %, er (S/R) = 98:2
H, 1b, 45 %, er (S/R) = 92:8

I T

-F, Y = OMe,1c, 55 %,er (S/R) = 98:2
-Cl, Y = OMe, 1d, 59 %, er (S/R) = 97.3:2.7
X =p-Me, Y = OMe, 1e, 54 %, er (S/IR) = 97:3

X =m-OCF3, Y = OMe, 1f, 39 %,er (S/R) = 98:2
X =m-OMe, Y = OMe, 149, 51 %,er (S/R) = 98:2

X X X X
(I TR TR TR
T T

5. General Method A to synthesizela, 1b, 1c, 1d, 1¢ 1f, and 1g:

To a solution of2-pyrrolidinone (30 mmoljn 30 mL dry DMFwas added Cu{10 mol%),
anhydrous KCO;s (1.1 equiv.) and aryl bromide (2 equiv.). The reaction mixture was refluxed
for 48 h. After completion of the reaction, the reaction mixture was allowed to attain room
temperatureAqueous saturated NBI (50 ml) was then added and the aqueous layer was
separated and évacted with EtOAc (4 x 50 ml)The combined organic phase were washed
with brine (1x50 mL), dried over anhydrous Mg&éhd concentratednder reduced pressure

to give he crude product. Purification waarried ouby silica gel column chroatography to
afford N-aryl-2-pyrrolidinonesA.

An ovendried roundbottomed flask equipped with a magnetic stir bar was chargediwith
THF (20 mL) and N-aryl-2-pyrrolidinones A (10 mmol) uneér argon atmosphez. The
solution was cooled to 6C andaryl magnesium bromide (1.1 equiv, in 4 mL THF) was
added dropwis€The reaction was allowed to attain room temperature and was run at the same

temperature fol3 h. The reaction was quenched with saturated,GlHsolution (30 mL)
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extracted intodiethyl ethe (3x50 mL). The combined organics were dried over sodium
sulfate, filtered,and concentrated under reduced presstine. cruderesidues (ketone®1-

B7) weredirectly used for the next stepe( CBS-reductior) without further purification.

Ketones B1-B7) were reduced to the alcohasantioselectivelyoy CoreyBakshtShibata
(CBS) reduction methodAn ovendried roundbottomed flask equipped with a magnetic stir
bar was charged with BfHF complex (1.2 equiv.) and chiral oxazaboraiglicatalyst (R
CBSOx, 10 mol%)under argonThe solution was cooled to @ and stirred for 15 min
KetonesB1iB7 (5 mmol) dissolved indry THF (10 mL) were added dropwise and the
reaction was continued f@&h at same temperatur&fter completionof reaction(TLC), the
reaction was quenched with saturated,8Hsolution (30 mL) extracted into ethyl acetate
(3%x50 mL).The combined organics were dried over sodium sulfate, filtered, and concentrated
in vacuo.The residue was purified tgflica gelcolumn chromatogrdyy to afford the alcohols

la-1g.

6. General SchemeB to synthesize h and 1i:

0] (0]
/©)k/\COOH CH3COCI /©)‘\/\”/OM6 RuCl(p-cymene)[(S, S)-Ts-DPEN]
_—
X CH3OH, rt X o 5:2 HCOOH / Et3N, 30°C
X=H, C1 X =H, D1, 98%
X=F, C2 X=F, D2,97%
OH OH
LiAIH, /@/‘\/\/OH
X THF, rt X
X = H, E1 X = H, 1h, 99%, er (S/R) = 94:6
X = F, E2 X =F, 1i, 99%, er (S/R) = 90:10

E1+F1=73%
E2 + F2=76%

Sl



7. General Method B to synthesize h and 1i:

4-Oxo-4-arylbutyric acidC (10 mmol) was dissolved in methan@0 mL). Acetyl chloride

(1.2 equiv.) wasdded dropwise and the reaction mixture was stirredaah temperaturdor
overnight After completion of the reaction (TLC), the reaction mixture was extraaoted
DCM (3 x 50mL). The combined organiosere washed withwater (2x50 mL) and brine
(1x50 mL); dried over anhydro¢aSO, and concentrated under reduced pressure to obtain
the corresponding methyl estells EstersD were usd in the next step without further
purification.

EsterD (5 mmo) dissolved in dry THF (10 mL) were added dropwisea solution of
RuCl(p-cymene)[6,9-Ts-DPEN (5 mol%) in 5 : 2 formic acid / triethylamine (10 mL) under
argon and stirred for 48 h at 3G oil bath. After completion of the reaction, the reaction was
guenched with saturated NaHg@®plution (30 mL)andextracted into DCM (3x50 mL)he
combined organic layers were washed with water (2x50 mL)&nd (1x50 mL); dried on
anhydrousN&SO, and concentrated under reduced pressure. The residue was purified by
column chromatography to obtaiman-separablenixture of alcohol E) and lactoneK).

A mixture of E andF (approx.5 mmol) werereduced byusing LiAIH 4 (0.5 equiv.) in dry

THF (20 mL) at room temperature to obtain the prodthtandli in quantitative yields.

S12



8. General Scheme C for the synthesis of 11k, and1l:

e o
O i) R-MgBr, THF, rt-60 °C, 2h H
N i) gBr, ; ,
> R)\/\/N
ii) NaBH,, MeOH, H,0, 0 °C, 1h
OMe
A2 R = CH=CH,, G1, 56%
OMe R = Me, G2, 45%

R = Et, G3, 55%

CAL-B,
V|nyI acetate,

R/\/\/ +R
rt, 12 h

R = CH=CH,, H1, 45% R = CH=CH,, 1, 40%

R = Me, H2, 48% R = Me, 12, 43%
R = Et, H3, 45% R = Et, I3, 45%
K,CO3,
MeOH, rt
OH

R/k/\/n\©\
OMe

R = CH=CH,, 1j, 90%, er (S/R) = 98:2

R = Me, 1k, 95%, er (R/S) = 98:2

R = Et, 11, 93%, er (R/S) = 99:1
9. General Method C to synthesize 1j, 1kand 1l
Alcohols 1, 1k and 1l were preparedby ring opening otactamA2 with Grignard reagent.
After completion by TLC, the following ketones wenresitu reduced by NaBHifor 1 hour to
obtain racemate alcohol€rude reaction mixtures were purified by silica gel column
chromatography to obtai@l, G2, andG3 in 56%, 45% and 534 yields
Alcohols G1, G2, andG3 were used to perform kinetic resolution wiflandidaAntarctica
lipaseB (CAL-B) in the excess amount of vinyl acetate for 12 hours. After completidre
reaction crude mixtures were purified Isflica gel column chromatography &coholsH1,
H2, H3 in 45%, 48% and 436 yields and acetylated produdts, 12, 13 in 40%, 43%, 45%

yields, respectively.
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Acetylated compoundd, 12, 13 were used to perform deprotection in the present,afQs
in MeOH for 2 hours. After completion by TLC, crude mixtures were purifiediliga gel

column chromatography &coholslj, 1k, and1l in 90%, 95% and 934 yields, respectively.

10. General Scheme for the synthesis of In and 1n:

BrOOMe 154 ]\/l
r:}\l]\/l KoCOs, Cul o3 PhLi | °~‘~]\/\)k©
e, ! e [
Sy e} DMF, reflux © THF, reflux Sio? NH

N
Yield = 81%
J OMe
K1 and K2

OMe
(R)-CBS-Ox H L1 and L2

T ﬁ’%\]\/\/\©
—_—
(N
THF, 0°C <" >NH

1m, 52%, er (R/S) = 12:88
1n, 34%, er (R/S) = 1:99
OMe

11. GeneralMethod D for the synthesis of in and 1n:
N-aryl lactamK1 andK 2 were prepared following a similar procedure as described in general

method5. To a solution ofo-lactamJ (30 mmol)in 30 mL dry DMFwas added Cu(10
mol%), anhydrous KCO; (1.1 equiv.) and aryl bromide (2 equiv.). The reaction mixture was
refluxed for 48 h. After completion of the reaction, the reaction mixture was allowed to attain
room temperatureAqueous saturated NBI (50 ml) was then added and the aqueous layer
was separated amktracted withethyl acetaté4 x 50 ml). The combined organic phase were
washed withbrine (1x50 mL), dried over anhydrols,SO, and concentratednder reduced
pressureto give the crude product. Purification is carried bytusual silica gel column
chromatography to afforgureK 1 andK2.

A warmm solutionof N-aryl lactamK (10 mmol)in dry benzen€30 ml)was addedlowly to a

well stir solution of pheyl lithium (10 mmo) under argon atmospherEhe reactionmixture
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was stirred at reflux fo2 h underargon atmospher®&enzene and ie@ater were added at ice
temperature. fle combinedorganic phase as separated, washed with watdried over
sodium sulfatandconcentrated under reduced pressilihe crude residueségtones] 1i L 2)
weredirectly used without further purification for the CB&luction after which the crude
reaction mixtures were purified by silica gel column chromatography to obtain pure alcohol

1m and1n.

12. General SchemeE for the synthesis of b and 1p:

(0] OH
(R)-CBS-Ox <z
m ArMgBr BH5/THF
—_—
0O e THF, OH X THF, 0 °C OH X
Otort°C M and 12
X =H, M1, 38 %, X =H, 10, 34 %, er (S/R) = 83.7:16.3
X =p-F, M2, 34 %, X = p-F, 1p, 39 %.er (S/R) = 98:2

13. General Method E for the synthesis of b and 1p:

An ovendried roundbottomed flask equipped with a magnetic stir bar was charged with dry
THF (20 mL) andchroman2-one (10 mmo) under argon atmosphere. The solution was
cooled to 0 °C and aryl magnesium bromide (1.1 equiv, in 4 mL THF) was added dropwise.
The reaction was allowed to attain room temperature and was run at the same temperature for
3 h.The reaction was quenched lwigaturated NECI solution (30 mL) extracted into diethyl

ether (3x50 mL). The combined organics were dried over sodium sulfate, fileandd,
concentrated under reduced pressiige crude(ketones,M1 and M2) was directly used

without further purification for the CB&duction after which the crude reaction mixtures
were purified by silica gel column chromatography to obtain for@nd1p in 34% and 39%

overall yields respectively.
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14. General SchemeF for the synthesis of enantiomerically enriched tertiary alcohols

3a, 3b, and 3c:
0 OH O ocp 1) sec-BuLi, -78 °C,30 min o)
N redn )L . i) Vinylboronic acid pinacol I—'\/I/e
Me Noyorire ©/'\Me CI”™ "N(-Pr), ©/'\Me ester, 45 min, ©/K/
B ——
DCM, 24 h, NEt; DCM, iii) MgBr, 16 h
rt N 24h O  iv) NaOH, H,0,, 2h P

o]

|
Cb=
| ﬂJ\N(i-Pr)z
CLe o .
Y ZaMe H, (1 atm), " bn
Pd(OAc), (10 mol %) O A O Pd/C Me
DPPF (20 mol %), K,COs3, Y Y

ACN, 0°C
100°C, 3 h
3a-3b
Y = NHPh, R1 = 70% Y = NHPh, 3a = 90%, er (S/R) = 99:1
Y = OH, R2 = 65% Y =0H, 3b =95%, er (S/R) = 98:2
| i) Pd(OAG), (10 mol %) DPPF OH
@( + MMe (20 mol %), K,C0O3,100°C, 3 h ~ Me
‘ /)
M
Y OH'®  Me y Me Me

ii)Hy (1 atm), Pd/C ACN, 0°C

Q
Y =0OH, 3c = 98%, er (R/S) = 96:4

15. General Method F for the synthesis of enantiomerically enriched tertiary alcohol8a
3band 3c:

Step 1:Preparation of enantiomericallgnriched secondary benzylic alcohbdlssia Noyori's
asymmetric reductianAcetophenongl.0 g,8.33mmol) was added to a solution of Ru&l(
cymene)[§9-Ts-DPEN(52.9 mg, 0.083 mmol, 1.0 mol %) 5:2 formic acid / triethylamine

(15 mL) under argon and stirrest 28°C for 24 h After completion of the reaction, saturated
NaHCG; solution (50 mL) was added arstirred for another 15 minThe reaction mixture
was extractednto DCM (3x50 mL). The combined organic layers were washed with water
(2x50 mL) and brine (1x50 mL); dried over anhydrous Mg®@Ad concentrated under
reduced pressur@urification of the crude residu®y column chromatographgfforded pure

alcoholN in 90 % vyield.
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Step 2: The following procedure is representative of the preparation of secondary
carbamatesO from chiral secondary benzylic alcohoA solution of alcoholN (5 mmol),
diisopropylcarbamoyl chloridel(l equiv), and triethyl amine (1.1 equiv) in anhydrous

DCM (30 mL) wasrefluxed for 24 h. After completion of the reaction (TL@&)e reaction
mixture was poured in wateb@ mL). The mixture wasxtracted with diethyl ether (3 x 50
mL). The combined organisartswere washedvith water (2x50 mL) and brine (1x50 mL);
dried over anhydroubla,SO, and concentrated under reduced pressline. crude product

was purifiedby usual silica gel column chromatography to affoude carbamat®.

Step 3:Lithiation/borylationof chiral secondary carbamatestertiary allylic alcohol P:

To a stirred solution ofS)-1-Phenylethyl diisopropylcarbamat (1 g, 4.01 mmol) in 20 mL
anhydrous diethyl ether &78 °C was addestBuLi (3.4 mL of 1.4 M solution, 4.&ymol, 1.2

equiv) drop wise under an atmosphere of argon. The resulting light yellow homogeneous
solution was stirred at78 °C for 30 min and neat vinylboronic acid pinacol estem(, 6

mmol, 1.5 equiv) was added drop wise with vigorous stirring. The reaction mixta®then
stirred for 45 minutes &t78 °C. A methanol solution of magnesium bromi@ed(mL, 6.0
mmol; 1M) was added dropwise under argon. The reaction mixture was stiiirég8 & for

an additional 15 minand then allowed to attain room temperature and was run at the same
temperature for 16 h. The reaction was quenched with the addition of an ice cold solution of 3
M aqueous sodium hydroxid&4.8 mL) and 30% aqueous®k (8.5 mL) and stirred at room
tempeature for an additional 2 hours. The reaction mixture was extracteg®yIEt50 mL).

The combined organic layers were washed with water (1x50 mL) and brine (1x50 mL) and
concentrated under reduced pressure. The crude product was purified by column
chromatography tabtain tertiary allylic alcohdP (474.7 mg, 8%) as a colorless oil.

Step 4:Palladiumcatalyzed vinylations of iodoanilin€x
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A mixture ofQ (1.0 mmol), 2phenylbut3-en-2-ol P (5.0 mmol), Pd(OA¢)(0.10 mmol), and
DPPF as ligand (0.20 mmah the presence of &O; (1.5 equiv.) in tolueneH,0 (1:1, 2.0
mL) were heated with stirring in a sedltube at the temperatures 2@0for 3 h. After
completion of the reaction (TLC), saturatedaOs; solution (30 mL) was added and the
reaction mixture was extracted ingbhyl acetate¢hree times. The combined organic layers
were washed with saturated NaCl (1x50 mL); dried over anhydtes50, and concentrated
under reduced pressure. The residue wasig¢d by column chromatography to obtain a pure
alcoholR.

Step 3:Hydrogenation of a tertiary alcoh®t:

Tertiary alcohoR (1 mmol) wasdissolved in ACN (10 mL) at room temperature. Pd/C (10 %
wt) was added under argon atmosphere, andethetionvessel was cooled td0. Then, the
atmosphere was substituted with (1 atm)and the reaction mixture was stirred at the same
temperature for 1 h. After the completion of reaction (TLC), the mixture was filtered through
a tight packed pad of Celite®. &Hiltrate was concentrated and purified silica gel (100

200 messgolumn chromatography tbtainpure3a, 3b,and3c.

16. General Schemes for the synthesis of 2Ziodo-N-phenylaniline (Q):

[ OTf CsF '
L - (X
NH» SiMe3 ACN, rt, I}JH

12 h Ph
Q

17. General Method G for the synthesis of 2iodo-N-phenylaniline (Q):
To a solution of Zodoaniline (2.0 mmol, 438.04 mg) and(Rrimethylsilyl)phenyl

trifluoromethanesulfonate (2.2 mmol, 656.37 mg) in acetonitrile (20 mL) was added CsF (4.0
mmol, 607.6 mg). The reaction walowed to stir at room temperature for 12 h. After
completion of the reaction (TLC),-® (10 mL) was added carefully and stirred for 15 min.

The mixture was extracted withCM (3x50 mL) and the combined organic layers were

S18



washed with water (1x50 mL) dnbrine (1x50 mL) ); dried over anhydrous MgSénd
concentrated under reduced pressure. The residue was purified by column chromatography to
obtain 2iodo-N-phenylaniline Q, 92.0%).

18.General SchemeH for the synthesisof dioxygencentered nucleophilesLh

Dimethyl malonate, O~ .0 OH

o K,COy, 0 LiAIH,, THF, )Oi)/\/
Ph)l\/ Br Ph O~Me Ph OH

Acetone, rt, 12h 0 °C, 1h.

S 1h’

19. General MethodH for the synthesisof dioxygencentered nucleophileslh

A mixture of 2-bromoacetophenon@0 mmol, 199 mg, anhydrous KCO; (1 equiv.138mg,

10 mmo), and methyl ethyl keton@ equiv.144mg in acetone (20 mLyvas stirred atoom
temperature for 18. After completion of theaaction it was diluted with water, extracted

DCM, washed with water, brine and dried over the anhydrous sodium sulphate. The solvent
was removed undeacuum.The crwde product was recrystallized fromp2opanol gave pure
compounddimethyl 2(2-oxo-2-phenylethyl)malonaté& (90 %, 225 mg) The compounds
(approx.8 mmol) wasreduced by using LiAlkl (0.5 equiv.) in dry THF (20 mL) at room
temperature to obtain the produc{8-(hydroxymethyh1-phenylbutanel,4-diol) 1h in

guantitative yields.

20. General Schemd for the synthesisof dinucleofugeslh

Ethyl bromoacetate, O O . OH OH
O O NaH, L|A|H4,
Ph Ph —— > Ph Ph
Ph)j\/U\Ph THF, 0 °C, rt, 12h. THF, 0 °C, 1h.
O
0 OH
T \Et 1hll

S19



21.General Method| for the synthesisof dinucleofugeslh

Similar to the synthesis of -@)-centered nucleophilesh , a substitution reaction of ethyl
bromoacetate with dibenzoylmethane generated ethynzoyt4-oxo-4-phenylbutanoatd,
followed by then LiAlH, reduction to give Zhydroxy(phenyl)methyhl-phenylbutanel,4-

diol 1h .

0



22.Table S1: Optimization of reaction conditions for secondarybenzylic alcohols

OH cat. (10 mol%),

H MS (3A)
Ph/v\/\/ N-pump - Ph’@
1a Solvent 2a FI>MP
Temp Yield e. s
Entry Catalysts Solvent °C) (%) (%)’
1 FeRs(lll) DCE 90 15 0
2 FeCh(Il) DCE 90 20 92
3 Fe(NG)s:(H20) DCE 90 NR 0
4 Fe(acag DCE 90 NR 0
5 Fej[Fe(CN)]s DCE 90 NR 0
6 Fe(ClQy),-4H,0 DCE 90 10 91.1
7 Fe(EDTA)sodium salt DCE 90 NR 0
8 Fe0s DCE 90 10 93
9 FeCk DCE 90 35 92
10  Ferric citrate DCE 90 NR 0
11 Iron(lll) tartrate DCE 90 NR 0
12 Fe(OTfy DCE 90 62 96
13  Fe(OTfy DCE 110 85 80
14  Fe(OTfy ACN 90 13 0
15 Fe(OTfg MeNG, 90 10 92
16  Fe(OTfy 1, 2 dibro 90 05 0
momethane
17  Fe(OTfy CDCls 90 14 95
18 Fe(OTfy Toluene 90 32 0
19 Fe(OTfy 1,4 dioxane 90 23 90
20 Fe(OTfs Hexane 90 21 99
21  Fe(OTf+ AgBF4(10 mol %) DCE 90 NR 0
22  Fe(OTf+ AgSbR(10 mol %) DCE 90 NR 0
23 Fe(OTf+ AgPFs (10 mol %) DCE 90 NR 0
24  Fe(OTfy® + MS (3A) DCE 90 98 99
25 MS(3A) DCE 90 NR 0
26  Fe(OTfi+ CRSOsH (5 mol%) DCE 90 31 88
27  CRSGOsH (10 mol%) DCE 90 NR 0
28  Without catalyst DCE 90 NR 0
29  Cu(OTfp DCE 90 <10 0
30  Ni(OTf), DCE 90 <10 0
31  Mn(OTf), DCE 90 <10 0
32  Co(OTfp DCE 90 <10 0

Reaction condition Al reactions were performed using 0.5 mmoliaf 0.050 mmol of catalyst (10 mol %) in

DCE as solvent (2.0 mL), MS (3A) = 300 mg, at 90 °C temperature for time 24 h under argon atmosphere.
"NMR vyield. YEnantiospecificity was determined by chiral statignatnase HPLC analysis.

The purity of catalyst has been determined by Inductively Coupled Pldlsss Spectroscopy (IGRS)
analysis. NR, no reaction.
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23. Table S2: Optimization of reaction conditionsfor tertiary alcohols

HQ, Ph
©\/\)“\Me Fe(OTf); (10 mol %) @()
Me
NH MS (3A), Solvent N~ “ph
3a Fl,h 4a|!)h
Ent r Sol vent (| Temp AQTi meh|Yi el d|e.(s%)
1 DCE 90 24 100 09
2 n-He x ane 90 24 100 26 . ¢
3 DCEnHexane (O 90 2 4 100 40
4 DCEnHexane (O 90 2 4 100 32. 2
5 DCEnHexane (O 90 24 100 32. ]
6 DCEnHex dge 2 +( 90 2 4 100 29
7 DCEnHexane (O 90 24 100 36
8 DCEnHexane (O 90 2 4 100 35
9 DCEnHexane (O 80 2 4 100 50. 5
10 |[DCEnHexane (O 6 0 24 100 6 4
11 ([ DCEnHexane (O rt 4 8 98 96

Reaction condition “All reactions were performed using 0.2 mmol3af MS (3A) =100 mgand 0.020 mmol
of catalyst (10 mol %) in the indicated solvent (01 mL) under argon atmosphM®& vyield. YEnantiomeric
excess was determined by chiral stationary phase HPLC an&ligiso reaction.

24.Inductively Coupled Plasma Mass Spectrometry analysis of Fe(OThfratalyst

Inductively Coupled Plasma Mass Spectrometry {(M¥) was used for detecting trace

elemental impurities in the Fe(O%fatalyst (purity 90.00%, Table S1). Theajor metal

impurities were individually screened as catalysts for the transformandry (2932, Table

S1). However, none of the trace metals outperformed FegOa¥§ catalyst in the

intramoleculaisubstitution reaction.

25. Rate order determination

The eaction oflato 2awas performed using five different concentrations of catalyst (0, 5,
10, 15, and20 mol%). The reactions were monitoredusing*H NMR spectroscopy and the
initial rates were determined below 20% conversion. Duplicates of the reasgoasnade

and thedata is the mean value of these duplicates.
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OH Fe(OTf)3; (10 mol%),

H MS (3A)
Ph/k/\/N\PMP Ph'O

DCE, 90°C 1
1a 2a PMP

y = 0.2778x + 0.22
Rz = 0.9892

Initial rate (M/s)10%
O B N W M 00 O N

0 5 10 15 20 25
Fe(OTfymol %

Fig S1. Rate order determination

Reaction ondition: 1a (0.2 mmol), DCE (1 mL), MS (3A) (200 mg), and catalyst (0, 5, 10ah8,20 moPb)
were heated in an oil bath at 90° C. Initial rates of the reaction were determined below 20% conversion (up to

2h) by*H NMR spectroscopy. The values are the mean value of two reactions.

26.In-situ UV-visible spectroscopy analysis
N-methyl anisole Ir), represent ai-centered nucleophile exhibits the absorption bands at
320 cm! (Fig. 2) in UV-vis spectrum in DCE. When Fe is added a blue shift to 275 ism

observed. A similar trend is fola@ag3.n the

(a)

= Blank
— Fe(OTf),
= Nucleophile (Nu)

— Nu:Fe(1:1)

Absorbance

230 280 330 380
Wavelength / cm™!

Fig. S2: Interaction of Fe(OTgwith nucleophileg(1r)
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(b)

3,5
BV O\ —— Blank
2,5 | \ —— 1a
@ \ 4
Q \ \
g 2\ \ — Fe(OTi),
s .
815 Fe:1a(1:1)
<
1 4
0,5 4
0 : = :
230 280 330 380

Wavelength / cm™!

Fig.S3: Interaction of Fe(OTHwith 1a

27. ESI-MS/MS of intermediate of the standard reaction

Intensd; smi+e 4.d: +MS2(i161.99), 0.8-2.7min #82 127
x10
2+
81 161.99

_Fe?*
9 H
Shah !
] M
6 o e

Chemical Formula: C7H,qFeNO,%*
Molecular Weight : 326,1959

4_
1+
1+ 272.12
2. 254.09
1+
238,04
0 . ‘ ; . b . ;
50 100 150 200 250 300 350 miz

Fig.$4: ESFMS/MS of intermediate of the reaction

28. Characterization data of all starting alcohols:
All characterization data for alcohdls, 1c, 1d, 1¢ 1f, 1g, 1j, 1k, 1l, 1m, 1n, 10, 1p, 3a, 3b,
and 3c which are not reported previously, are supplemented below. Alcdbplsh, and1li

were previouslyreported and the obtained NMR data (see copies of NMR attached below)

matched with the reported values.
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(S)-4-((4-methoxyphenyl)amino)1-phenylbutan-1-ol (1a)*

IR (neat)3360.64, 3028, 2932.25, 2831, 1617, 1512.40, 1455, 1296, 1235.54, 1178, 1119,
1119.18, 1034.64, 913, 819, 749, 7@ti*. *H NMR (400 MHz, Chloroformd ) = 371

7.33 (m, 4H), 7.30 7.27 (m, 1H), 6.78 (d] = 9.0 Hz, 2H), 6.61 (d] = 8.9 Hz, 2H), 4.72dd,
J=7.5, 5.3 Hz, 1H), 3.75 (s, 3H), 3.11Jt= 6.8 Hz, 2H), 1.89 (dddd,= 10.2, 8.4, 6.7, 5.7

Hz, 1H), 1.81i 1.71 (m, 1H), 1.7G 1.60 (m, 2H)ppm.**C NMR (100 MHz, CDCkL) =i
152.5, 144.6, 142.0, 128.5, 127.6, 125.8, 114.9, 11448, 55.8,45.4, 36.8, 26.(opm

HRMS (ESI) calcd. for Ci7H2oNO, [M+H] m/z 272.1572 found m/z 272.1645 The
enantiomeric ratio ofia was determined by HPLC analysis using Daicel Chira@BtH
column n-Hexane isopropanok 90:1Q flow rate 1.0 mimin, &= 254 nm (channel 1), 232

nm (channel 2):;t(major) = 25.45 min, t, (minor) = 30.12 min.

(S)-1-phenyl-4-(phenylamino)butan-1-ol (1b)*

OH H
©)\/\/N\©
1b

IR (neat)335464, 303, 293.25, 2835, 1615, 1510.40, 145, 1316, 1145.54, 11781119.18,
1034.64, 91, 819, 750711 cmi*. *"H NMR (400 MHz, Chloroforrad) ti 7.36 (d,J = 4.3 Hz,
4H), 7.32i 7.25 (m, 1H), 7.21 7.12 (m, 2H), 6.70 (ttJ = 7.3, 1.1 Hz, 1H), 6.68 6.54 (m,
2H), 4.73 (ddJ = 7.5, 5.4 Hz, 1H), 3.14 (§,= 6.9 Hz, 2H), 1.97 1.82 (m, 2H), 1.81 1.72
(m, 1H), 1.69 1.60 (m, 1H).X*C NMR (101 MHz, CDC}) Ui = 148.3, 144.5, 129.2, 128.5,
127.6, 125.8, 117.4, 112.9, 74.3, 43.9, 36.6, Pp® HRMS (ESI) calcd. for GgHaoNO
[M+H] m/z242.1548 foundn/z242.1545. The enantiomeric ratio dfb was determined by

HPLC analysis using Daicel Chiralcel €D column:n-Hexane: isopropanol = 90:10, flow
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rate 1.0 mL/mina= 254 nm (channel 1), 232m (channel 2):;t(major) = 22.1 min, &

(minor) = 32.8min.

(S)-1-(4-fluorophenyl)-4-((4-methoxyphenyl)amino)butan1-ol (1c)

OH

H
o0
F 1c OMe

IR (neat) 3367.48, 2994, 2935.19, 2834.38, 1603, 1511.78, 1488}, 354, 11'P, 1092.8,
1035.34, 821.49755, 718, 574cm™. 'H NMR (400 MHz, Chloroforrad) a 1 7.313(8,
4H), 7.26 (d, 1H), 4.89 (] = 7.2 Hz, 1H), 4.14 4.06 (m, 1H), 3.98 3.89 (m, 1H), 2.38
2.27 (m, 1H), 2.0% 1.96 (m, 1H), 1.86 1.76 (m, 1H) ppm**C NMR (100 MHz, CDC}) U
= 162.3 (cr = 320 Hz), 152.8, 141.6, 127.5¢( = 10 Hz), 115.3Jcr = 20 Hz), 115.1,
114.9, 73.6, 55.8, 45.6, 37.0, 25Ppm. HRMS (ESI) calcd. for G/H2:FNO, [M+H] m/z
290.1569 found m/z 290.1551 The enantiomeric ratio ofc was determined by HPLC
analysis using Daicel Chiralcel[®H column:n-Hexane isopropanok 90:1Q flow rate 1.0
mL/min, &= 254 nm (channel 1), 232

nm (channel 2):;t(major) = 22.81 min, t, (minor) =28.03 min.

(S)-1-(4-chlorophenyl)-4-((4-methoxyphenyl)amino)butan1-ol (1d)

IR (neat)3370.58, 2®B5, 283).34, 1616, 1512.28, 1463, 1365, 1295,1237.31, 1179, 1889,
1036.44, 818.9, 770, 702, 475 cm™. 'H NMR (400 MHz, Chloroforred) U =J=529 (d,
Hz, 4H), 6.81i 6.75 (m, 2H), 6.66 6.56 (m, 2H), 4.70 (dd) = 7.4, 5.3 Hz, 1H), 3.75 (s,

3H), 3.10 (s, 2H), 1.89 1.79 (m, 2H), 1.77 1.62 (m, 2H) ppm.**C NMR (100 MHz,
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ChCk) u = 152. 8, 141. 6, 127.5, 127. 4, 115.

ppm. HRMS (ESI) calcd. for G/H2:CINO, [M+H] m/z 306.1267found m/z 306.1255 The
enantiomeric ratio ofld was determined by HPLCnalysis using Daicel Chiralcel [H
column:n-Hexane isopropanol =90:1Q flow rate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2):;t(major) =45.3min, & (minor) =53.7min.

(S)-4-((4-methoxyphenyl)amino)}1-(3-(trifluoromethoxy)phenyl)butan -1-ol (1e)

OH ’

L
OMe

IR (neat) 337.68, 2931, 2831.44, 1606, 1513.81, 1465, 136, 1190, 1240.71, 1201, 108.1,

1
OCF, ¢

811.9, 75, 701, 470 cm’. 'H NMR (400 MHz, Chloroforrad) U = 7.36 (t,J = 7.9 Hz, 1H),
7.26 (s, 1H), 7.23 (s, 1H), 7.157.10 (m, 1H), 6.81 6.74 (m, 2H), 6.65 6.56 (m, 2H), 4.76
(t, J= 6.3 Hz, 1H), 3.75 (s, 3H), 3.12 (tdl= 6.7, 1.7 Hz, 2H), 1.87 (dd,= 7.3, 6.2 Hz, 2H),
1.787 1.67 (m, 1H)ppm *C NMR (101 MHz, CDC}) Ui = = 152.5, 149.4, 147.2, 142.2,
129.7, 124.1, 121.7, 119.7, 119.2, 118.3, 114.9, 114.8, 73.5, 55.8, 45.2, 37.ppi26.0
HRMS (ESI) calcd. for GgH21FsNO3; [M+H] m/z 356.1395found m/z 356.1385. The
enantiomeric ratio ofile was determined by HPLC analysis using Daicel ChirafeetH
column:n-Hexane isopropanok 90:1Q flow rate 1.0 mL/mina= 254 nm (channel 1), 232

nm (channel 2):;;t(major) = 16.01min, t (minor) =21.1min.

(S)-4-((4-methoxyphenyl)amino)1-(p-tolyl)butan -1-ol (1f)

OH

H
jonaae!
Me 1f OMe
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IR (neat) 381.8, 2B7, 283086, 1614, 1511.98, 14, 1293 1235, 1179, 119.8§ 103H.67,
8186, 518.77cm™. *H NMR (400 MHz, Chloroforred) =7.24 (dJ = 8.1 Hz, 2H), 7.17
7.13 (m, 2H), 6.80 6.75 (m, 2H), 6.67 6.60 (m, 2H), 4.68 (dd} = 7.5, 5.2 Hz, 1H), 3.75 (s,
3H), 3.141 3.07 (m, 3H), 2.34 (s, 3H), 1.941.81 (m, 2H), 1.78 1.71 (m, 1H), 1.65 (dt] =
9.1, 6.2 Hz, IHppm **C NMR (101 MHz,CDCl) ti = 152.7, 141.6, 137.2, 129.1, 125.8,
115.1, 1149, 99.9, 74.1, 55.8, 45.7, 36.7, 25.9, Zpin HRMS (ESI)calcd. for
C1gH23NO,Na [M+Na] m/z308.1618found m/z308.1&1. The enantiomeric ratio dff was
determined by HPLC analysis using DaiCG#iralcel AD column:n-Hexane: isopropanol =
90:1Q flow rate 1.0 mL/mina-= 254 nm (channel 1), 23#m (channel 2):;t(major) = 28.8

min, t (minor) =29.6min.

(9)-1-(3-methoxyphenyl)4-((4-methoxyphenyl)amino)butan1-ol (19g)

OH ’

L
OMe

IR (neat) 3370, 3030, 2831, 1616, 1505, 1468, 1440, 1417, 1311, 1267, 1170, 1118, 1094,

19
OMe

1030. 817, 755 cth *H NMR (400 MHz, Chloroforred) & 1 7.223m0, 1H), 6.92 (dd] =

4.2, 1.8 Hz, 2H), 6.81 (ddd,= 8.3, 2.6, 1.1 Hz, 1H), 6.796.75 (m, 2H), 6.59 (d] = 8.9 Hz,

2H), 4.68 (dd,) = 7.2, 5.5 Hz, 1H), 3.81 (s, 3H), 3.74 (s, 3H), 3.09 &,6.8 Hz, 2H), 1.94

1.81 (m, 2H), 1.78 1.70 (m, 1H), 1.69 1.61 (m, 1H) ppm™*C NMR (100 MHz, CDC§) U
1597, 152.4, 146.4, 129.4, 118.1, 114.9, 114.8, 114.6, 112.9, 111.3, 74.1, 55.8, 55.2, 45.2,
36.8, 25.9pm.HRMS (ESI) calcd. for GgH24NO3[M+H] m/z302.175Zoundm/z302.1751

The enantiomeric ratio dfg was determined by HPLC analysis using DaiCkiralcel AD
column: n-Hexane isopropanol =90:1Q flow rate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2):;t(major) = 42.5min, t (minor) =48.9 min.

28



(S9)-1-phenylbutane-1,4-diol (1h)?

OH

1h

'H NMR (400 MHz, Chloroforrd) U = 7.397 7.32 (m, 4H), 7.28 (d) = 5.7 Hz, 1H), 4.74

(t, J = 6.3 Hz, 1H), 3.72 3.66 (m, 2H), 1.87 (tdJ = 7.0, 5.9 Hz, 2H), 1.74 1.63 (m,
2H)ppm **C NMR (100 MHz, CDC}) Ui = 144.7, 128.4, 127.5, 125.8, 74.3, 62.8, 36.2,.29.2
HRMS (ESI) calcd. for GoHisO, [M+H] m/z 167.100 found m/z 167.106. The
enantiomeric ratio ofth was determined by HPLC analysis using Daicel ChiralcelHDD
column:n-Hexane isopropanol = 95:5, flow rate 0.5 mL/mia~= 254 nm: t1 (minor) = 43.

min, t2 (major) = 48.4 min.

(S)-1-(4-fluorophenyl)butane-1,4-diol (1i)®

OH

/@)\/\/OH
F 1i

'H NMR (400 MHz, Chloroforrad) Ui = 7.28 (dddJ = 8.0, 5.1, 2.3 Hz, 2H), 7.076.94 (m,
2H), 4.66 (tJ = 6.3 Hz, 1H), 3.70 3.55 (m, 2H), 3.08 (s, 2H), 1.80 @= 7.1 Hz, 2H), 1.69
i 1.56 (m, 2H)*C NMR (101 MHz, CDC}) Ui = 162.0(Jc.r = 244 Hz) 140.4, 140.4, 127.3
(Jcr = 8 Hz) 115.2(Jcr = 20 Hz) 73.6, 62.7, 36.5, 29.(apm HRMS (ESI) calcd. for
C10H13FNaO2 [M+Na] m/z207.0797found m/z207.0797 The enantiomeric ratiof 1i was
determined by HPLC analysis using Daicel Chiralcel AD columhiexane isopropanol =
95:5, flow rate 1.0 mL/ming-= 254 nm (channel 1232 nm (channel 2):;t(major) = 111.0

min, t (minor) = 118.4min.
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(S)-6-((4-methoxyphenyl)amino)hexan3-ol (1j)*

OH

H
\)\/\/N\Q\
1j OMe

IR (neat) crit 3382, 30302931, 2870, 1661, 1614, 1510, 1451, 1354, 1311, 1217, 1170,
1118, 1@0, 1036. 917, 75¢m™. 'H NMR (400 MHz, Chloroforrrd) G = 6.857 6.74 (m,

2H), 6.691 6.56 (M, 2H), 5.88 (ddd] = 17.2, 104, 6.1 Hz, 1H), 5.24 (dt] = 17.2, 1.5 Hz,

1H), 5.12 (dtJ = 10.4, 1.4 Hz, 1H), 4.13 (dtd,= 5.9, 4.7, 1.3 Hz, 1H), 3.76 (s, 3H), 3116

3.02 (m, 4H), 1.8 1.57 (m, 4H) ppm*C NMR (100 MHz, CDC}) & = 152. 1,
141.0, 114.8, 114.4, 114.4, 72.5, 55.7, 45.0, 34.6, 25.4 HRMS (ESI) calcd. for
C13H20NO, [M+H] 222.1489m/z found 222.1498m/z The enantiomeric ratiof 1j was
determined by HPLC atysis using Daicel Chiralcel @ column:n-Hexane isopropanol =

90:1Q flow rate 1.0 mL/ming-= 254 nm (channel 1232 nm (channel 2); {major) = 46.3

min, t (minor) =49.7min.

(R)-5-((4-methoxyphenyl)amino)pentan2-ol (1k)?

OH

/J\v/“\/H\I:::L\
1k OMe

'H NMR (400 MHz, Chloroforrd) U ¥ 6.8 (8 3H), 6.65 6.59 (m, 2H), 3.90 3.81
(m, 1H), 3.77 (s, 3H), 3.11 (td,= 6.8, 2.0 Hz, 2H), 1.82 1.64 (m, 2H), 1.57 (tdd] = 8.3,
5.9, 3.8 Hz, 2H), 1.22 (d] = 6.2 Hz, 3H)ppm.**C NMR (100 MHz, CDC) U = 152.
142.5, 114.8, 114.4, 67.7, 55.7, 45.2, 36.9, 26.0, 23.6 ppm.

The enantiomeric ratiof 1k was determined bi#PLC analysis using Daicel Chiralcel €d
column:n-Hexane: isopropanol = B:15, flow rate 0.5mL/min, &= 254 nm (channel 1232

nm (channel 2):;t(major) = 58.9min,  (minor) = 63.2min.
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(R)-6-((4-methoxyphenyl)amino)hex1-en-3-ol (1)

OH

H
\)\/\/N\©\
11 OMe

IR (neat) crit 3382, 3029, 2935, 2874, 2833, 1660, 1615, 1513.49, 1456.9, 1385, 1238.21,
1179, 1111, 1036.69, 969, 819.74, 753ctil NMR (400 MHz, Chloroformd) ua ¥ 6.84
6.74 (m, 2H), 6.69 6.57 (m, 2H), 3.77 (s, 3H), 3.56 (dddHz= 8.5, 7.5, 4.9, 3.7 Hz, 1H),

3.197 3.02 (m, 2H), 2.86 (s, 2H), 1.811.39 (m, 6H), 0.96 (tJ = 7.5 Hz, 3H) ppm*C

NMR (100 MHz, CDC}) u = 152.0, 142 58,4521 344,.36.2, 2591 4 . 4,
10.0 ppmHRMS (ESI) calcd.For G3H2oNO, [M+H] 224.1645m/zfound 224.2652n/z The
enantiomeric raticof 11 was determined by HPLC alysis using Daicel Chiralcel €d

column: n-Hexane isopropanol = 80:20flow rate 1.0 mL/ming-= 254 nm (channel 132

nm (channel 2):;t(major) = 148 min, & (minor) = 15.4min.

(S)-5-((4-methoxyphenyl)amino) 1-phenylpentan-1-ol (1m)*

I\I/Ie
(@]
OH /©/
©)\/\/\N
H
1m

IR (neat)3362.14, 3029, 2935.27, 2833, 1611, 1522.80, 1450, 1206, 1230.44, 1186, 1121,
1044.51, 911, 820, 789 ¢m 'H NMR (400 MHz, Chloroforrad) U = 7.397 7.31 (m,4H),

7.29 (dd,J = 6.3, 2.3 Hz1H), 6.817 6.73 (m,2H), 6.591 6.52 (Mm,2H), 4.72i 4.61 (m,1H),

3.74 (s,3H), 3.05 (t,J = 7.0 Hz,2H), 1.917 1.80 (m,1H), 1.80i 1.70 (m,1H), 1.68i 1.58

(m, 2H), 1.577 1.48 (m,1H), 1.40 (dddJ = 10.3, 7.9, 5.5 HzlH) ppm.*3C NMR (100

MHz, CDCk) U = 152.0, 144.7142.6, 128.5, 127.6, 125.8, 114.9, 114/4,5, 55.8, 44.8,

38.8, 29.5, 23.9pm. HRMS (ESI) calcd. for GgH2sNO, [M+H] m/z 286.1811 found m/z

286.1807. The enantiomeric ratio oim was determined by HPLC analysis using Daicel
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Chiralcel OD-H column:n-Hexane isopropanol =90:10, flow rate 1.0 mL/minpg-= 254 nm

(channel 1), 232m (channel 2):;t(minor) =29.23min, & (major) =31.38min.

(S)-3-(2-((4-methoxyphenyl)amino)phenyl}1-phenylpropan-1-ol (1n)*

IR (neat)3366.44, 3031, 2945.52823, 1615, 1520.79, 1441, 1216, 1202.40, 1184, 1116,
1040.50, 916, 821, 78011, 49&m™. *H NMR (400 MHz, Chloroforred) & =m, 4H),3 4 (
7.317 7.26 (m,1H), 7.181 7.14 (m,1H), 7.131 7.05 (m,2H), 7.017 6.94 (m,2H), 6.89i

6.82 (m,3H), 4.68 (dd,J = 8.7, 4.4 Hz, OH), 3.80 (s, 1H), 2.82.68 (m, 1H), 2.16 1.99 (m,

OH) pmp.®*C NMR (101 MHz, CDC¥) U = 154.8, 144.4, 142.9,
127.7, 126.9, 125.8, 121.3, 120.5, 116.8, 114.7, 73.4, 55.6, 39.0p@EM.HRMS (ESI)

calcd. for GoH23NO;Na [M+Na] m/z356.1621 founan/z235.1631.

The enantiomeric ratio din was determined by HPLalysis using Daicel Chiralc&D-H
column:n-Hexane isopropanok 90:1Q flow rate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2): t(major) =26.2min, & (minor) =46.6min.

(9)-2-(3-hydroxy-3-phenylpropyl)phenol (10)

OH

II OH 1o I

'H NMR (400 MHz, Chloroforred) & = 7.417 7.27 (m, 6H), 7.21 7.12 (m, 2H), 6.91 (td]

= 7.5, 1.4 Hz, 2H), 4.66 (dd = 10.3, 3.6 Hz, 1H), 2.99 (ddd,= 14.2, 10.6, 6.1 Hz, 1H),
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2.77 (dddJ = 14.3, 6.5, 4.1 Hz, 1H), 2.51 (d= 35.1 Hz, 1H), 2.14 (dddd,= 14.3, 10.3,
6.1, 4.1 Hz, 1H), 2.05 1.90 (m, 1H) ppm**C NMR (100 MHz, CDC}) ti = 154.6, 143.9,
130.5, 128.6, 127.9, 127.7, 127.1, 125.8, 120.8, 116.2, 73.1, 39.3, 25.9 ppm.

The enantiomeric ratiof 10 was determined by HPLC analysising Daicel Chiralcel GH
column:n-Hexane isopropanol = 90:1(low rate 0.5mL/min, &= 254 nm (chanal 1), 232

nm (channel 2):;t(major) = 438 min, t (minor) = 46.4min.

(95)-2-(3-(4-fluorophenyl)-3-hydroxypropyl)phenol (1p)

OH

OH1PF

IR (neat) 3357, 2934.80, 2836.60, 1622, 1555, 1513, 1473, 1464, 1237,11169,1035,
992, 922, 821 cih 'H NMR (400 MHz, Chloroforrd) U % 7.277 (n8 2H), 7.15 (ddd),

= 8.5, 7.0, 1.6 Hz, 2H), 7.086.98 (m, 2H), 6.95 6.83 (m, 2H), 4.63 (dd] = 10.2, 3.6 Hz,
1H), 2.95 (dddJ = 14.1, 10.3, 6.3 Hz, 1H), 2.75 (ddbk 14.3, 6.7, 4.2 Hz, 2H), 2.10 (dddd,
J=14.3,10.4, 6.2, 4.2 Hz, 1H), 1.95 (dddd; 14.0, 10.3, 6.7, 3.6 Hz, 1H) ppHiC NMR
(100 MHz, CDC})  162.3 (c.r = 240 Hz), 154.4, 139.7, 139.7, 130.6, 127.7, 1215 €
10 Hz), 127.1, 120.8, 116.1, 1153 ¢ = 20 Hz), 72.4, 39.4, 2589m.HRMS (ESI) calcd.
for CisHisFO:Na [M+Na] 269.0948m/z found 269.0973n/z The enantiomeric ratiof 1p
was determined by HPLC analysis using Daicel Chiralcel AD columhktexane :
isopropanol = 940, flow rate 1.0 mL/ming-= 254 nm (channel 1232 nm (channel 2); t

(minor) = 12.3min, & (major) = 16.2min.
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(S)-2-phenyl-4-(2-(phenylamino)phenyl)butan-2-ol (3a)°

OH

\Ph
SOs
NH

% 3a

IR (neat) 335, 3141, 291.89 283.68 16M.54, 155.43 1389.12 1360, 1256, 1223.34,
1189.64 1155, 105, 816, 711, 459cm™. 'H NMR (400 MHz, Chloroforred) U £ 7.42. 4 7
(m, 2H), 7.39 7.33 (m, 2H), 7.29 7.26 (m, 1H), 7.25 7.21 (m, 2H), 7.15 7.08 (m, 2H),
6.9617 6.86 (m, 5H), 2.66 2.57 (m, 1H), 2.40 (dddl = 14.0, 11.0, 5.1 Hz, 1H), 2.182.00

(m, 1H), 1.59 (s, 3H) ppm3C NMR (100 MHz, CDCk) =li147.2, 144.2, 140.5, 132.3,
129.9, 129.2, 128.3, 126.8, 126.7, 124.21.8, 120.2, 119.2, 117.2, 74.8, 44.0, 30.6, 26.2
ppm HRMS (ESI) calcd. for G;H3NONa [M+Na] m/z340.1671 foundm/z340.1672 The
enantiomeric ratio oBa was determined by HPLC analysis using DaiCélralcel OD-H
column: n-Hexane isopropanol =90:10, flow rate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2):;3t(minor) =8.7min,  (major) =10.1min.

(S)-2-(3-hydroxy-3-phenylbutyl)phenol (3bY

OH
'\Ph

Me
OH 3b

IR (neat) 3361.83, 30583028, 2975, 2929, 1582.51, 1489, 1455.94, 1374, 1243, 1218, 1119,
1065, 1029, 944, 89053.71, 699, 548m™. '"H NMR (400 MHz, Chloroformad) ={i7.547

7.44 (m, 2H), 7.37 (dd] = 8.5, 6.9 Hz, 2H), 7.3D 7.23 (m,1H), 7.117 7.05 (m, 1H), 7.00
(dd,J = 7.4, 1.8 Hz, 1H), 6.87 6.75 (m, 2H), 6.57 (s, 1H), 2.65 (tdl= 9.4, 4.8 Hz, 1H),

2.46 (ddtJ = 15.8, 9.4, 4.7 Hz, 1H), 2.21 (ddb= 14.3, 9.4, 6.2 Hz, 1H), 2.07 (ddb= 14.5,

9.4, 5.5 Hz, 1H), 1.63 (s, 3H}°C NMR (101 MHz, CDC§) =iil53.83, 147.10, 130.01,
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128.32, 127.46, 126.79, 125.44, 124.67, 120.38, 115.95, 75.47, 43.86, 30.49, 24.76 ppm.
HRMS (ESI) calcd. for GeH1s0,Na [M+Na]m/z265.1211 founan/z265.1199.

The enantiomeric ratio &b was determined by HPLC analysis using Daicel ChirabiaH
column:n-Hexane isopropanol 90:1Q flow rate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2):;t(minor) =11.1min, t (major) =12.8min.

(R)-2-(3-hydroxy-3, 7-dimethyloctyl)phenol (3c)°

Me
OH 3c

IR (neat) 3338.03, 3071, 3036, 2953, 2868, 1593.65, 1490, 1457.54, 1366, 1243, 1175, 1089,
1041, 912 847, 75142 cmt. 'H NMR (400 MHz, Chloroforrd)  =i7.097 6.97 (m, 2H),

6.82i 6.72 (m, 2H), 2.71 2.56 (m, 2H), 1.74 1.66 (m, 2H), 1.53 1.38 (m, 3H), 1.31

1.22 (m, 2H), 1.18 (s, 3H), 1.10 (ddi= 7.7, 1.1 Hz, 2H), 0.80 (d,= 6.6 Hz, 6H)ppm °C

NMR (101 MHz, CDC}) u = 154 . 0127.4112(01, 196.2, 7B.2,82.43 40.9, 39.3,
27.8, 26.7, 24.3, 22.6, 21gpm.HRMS (ESI) calcd. for GeH260-,Na [M+Na] m/z273.1837

found m/z273.1825.The enantiomeric ratio ddc was determined by HPLC analysis using
DaicelChiralcelOFH column:n-Hexane isopropanol 90:1Q flow rate 0.5mL/min, a= 254

nm (channel 1), 238m (channel 2):;t(major) =15.8 min, $ (minor) =21.2min.
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29. Experimental procedures and characterization data of all final products:

(R)-1-(4-methoxyphenyl)-2-phenylpyrrolidine (2a)’

OH ’ 10 mol% Fe(OTf); O/O
©)\/\/N MS (34) N
+ H,O
\©\ 1,2-Dichloroethane
1a OMe 90 °C, 24h 2a
S/R= 98:2 R/S= 97:3 OMe

To an overdried 5 ml vial equipped with a magnetic stir bar vaalsled substrate amino
alcoholla (135.5 mg, 0.5 mmol), MS (3A) (300 mg), aRd(OTf) (25.05 mg, 0.05 mmjl

The tube was sealed with a tefliimed cap, connected to a vacuum and backfilled with argon
three timedby piercing with a needle attached to a Schlenk line. Then 2.0 ml of anhydrous
DCE was added by syringe and the mixture was stirred at 90 °C foot4. After this, the
reaction was cooled to room temperature anccthdewas concentrated under vacuum. The
crude residue was purified lwplumnchromatography with ethyl acetate and hexanes (1:20)
as solvent to obtain the pure prodRat(98%, 13 mg) ascolorlessoil. IR (neat) 309, 3044,
2966, 29012829, 148, 1513, 14901450, 1363, 1@, 1240, 1179, 1174, 1042, 966, 811.93,
770.69, 747.12, 589/98, 519.207*. *H NMR (400 MHz, Chloroforrad) ti= 7.37i 7.32 (m,
4H), 7.28 (dJ = 4.2 Hz, 1H), 6.82 6.74 (m, 2H), 6.66 (d] = 8.9 Hz, 2H), 4.73 (dd] = 7.5,

5.2 Hz, 1H), 3.75 (s, 3H), 3.12 (tdi= 6.8, 1.9 Hz, 2H), 1.9% 1.84 (m, 2H), 1.81 1.73 (m,
1H), 1.72i 1.64 (m, 1H) ppm*C NMR (101 MHz, CDC}) ti = 131.7, 128.5127.6, 125.8,
115.3, 115.2, 114.9, 99.9, 74.3, 55.8, 45.8, 36.8, 2p®. HRMS (ESI) calcd. for
Ci17H20NONa [M+Na] m/z254.1546 foundm/z254.1539.

The enantiomeric ratio &awas determined by HPLC analysisngsDaicel Chiralcel OH
column:n-Hexane : isopropanol 85:05 flow rate 0.5 mL/ming-= 254 nm (channdl): t;

(minor)=13.1min, & (major) =14.4min.
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(R)-1,2diphenylpyrrolidine (2b)

OH H 10 mol% Fe(OTf)3, O/O
N MS (3A) N
+ H,0
1,2-Dichloroethane
1b

90 °C, 48h 2b

S/R=92:8 R/S=90:10
Alcohol 1b (120.5 mg, 0.5 mmolMS (3A) (300 mg), and the catalyse(OTf) (25.05 mg,

0.05 mmol)were treated as described faarfor 48 h. After completion of reaction (TLC), the
crude was concentratethder vacuunand purified bya fast column chromatographic using
silicagel (mess 10-200) and dichloromethane eluent obtain p2ibg115.6mg, 0.96 mmol,
96% vyield) as colorless oilR (neat) 30, 3034, 2965, 291,12834 1601, 15121455, 1362
1264, 1239, 1180, 1101, 1034, 965, 812.73, 991740.13, 584m™*. *H NMR (400 MHz,
Chloroformid) ti = 7.367 7.19 (m, 5H), 7.15 (t) = 7.8 Hz, 2H), 6.64 (t) = 7.3 Hz, 1H), 6.50
(d, J = 8.0 Hz, 2H), 4.73 (d) = 8.3 Hz, 1H), 3.70 (dJ = 8.6 Hz, 1H), 3.42 (¢ = 8.4 Hz,
1H), 2.38 (ttJ = 11.0, 7.9, 5.9 Hz, 1H), 2.00 (tHz, 3H) ppm.**C NMR (100 MHz, CDC})
u=147.1, 144.6, 128.9, 128.4, 126.6, 125.9, 115.7, 112.3, 62.9, 49.1, 36.0, 2319R¢dS.
(ESI) calcd. for GgHi17NNa [M+Na] m/z246.1261 foundm/z246.1251

The enantiomeric ratio &b was determined by HPLC analysis using Daicel ChiralzkH
column:n-Hexane isopropanol 95:5, flowrate0.5 mL/min, &= 254 nm (channel 1), 232

nm (channel 2):;;t(major) = 8.3 min, t (minor) = 9.9 min.

(R)-2-(4-fluorophenyl)-1-(4-methoxyphenylpyrrolidine (2¢)

OH H 10 mol% Fe(OTf);
’ N
N MS (3A) .
|51
F OMe 1,2-Dichloroethane

90 °C, 24h
1c 2c

OMe
S/R= 98:2 R/S= 95:5
Alcohol 1c (144.5 mg, 0.5 mmolMS (3A) (300 mg), and the catalye(OTf) (25.05 mg,

0.05 mmol)were treated as described f@afor 24 h and purified as described f@to obtain

37



2c¢ (128.7 mg, 0.474nmol, 95% vyield) as a yellowish olR (neat) 3061, 3045, 2963, 2911,
2815, 1611, 1525, 1493, 1451, 1362, 1281, 1229, 1178, 1177, 1&4812&3, 771.19,
737.12,701.38, 523.2cm™. 'H NMR (400 MHz, Chloroforrad) Ui = 7.20 (s, 2H), 7.03
6.89 (m, 2H), 6.81 6.70 (m, 2H), 6.42 (d] = 8.4 Hz, 2H), 4.60 (d] = 8.5 Hz, 1H), 3.71 (s,
3H), 3.64i 3.70 (m1H), 3.34 (q] = 8.3 Hz, 1H), 2.38 () = 10.3 Hz, 1H), 1.98 (s, 2H), 1.88
(s, 1H) ppm.**C NMR (101 MHz, CDC}) U = 161.2(Jcr = 240 Hz),150.9, 141.9, 140.7,
127.3(Jcr = 10 Hz),115.2 (Jor = 20 Hz),114.8, 113.0, 62.8, 55.9, 49.7, 36.3, 2Bn.
HRMS (ESI) calcd. for G/HigNFO [M+H] m/z 272.1447 foundm/z 272.1445.The
enantiomeric ratio oRc was determined by HPLC analysis using Daicel Chira@@H
column:n-Hexane : isopropanol 85:5, flow rate 0.5 mL/min, &= 254 nm (channel 1), 232

nm (channeR): t; (minor) =10.4min, & (major) =19.9 min.

(R)-2-(4-chlorophenyl)-1-(4-methoxyphenylpyrrolidine (2d)

OH H 10 mol% Fe(OTf);, N
N MS (3A) Cl
> + Hy0
1,2-Dichloroethane
Cl OMe

90 °C, 24h
1d 2d

OMe

S/IR=97:3 R/S=97:3
Alcohol 1d (152.5mg, 0.5 mmol), MS (3A) (300 mg), and the catalyBe(OTfk (25.05 mg,
0.05 mmol)were treated as described i@ for 24 hand purified as described fbato obtain
2d (140.6 mg, 0.48%mol, B% vyield) as a yellowish oilR (neat) 306, 305, 2910, 285,
1615, 1531, 149, 149, 1366, 128), 1232.45 1188, 1167.35, 1063.54 960, 811.33, 770.29,
717.11, 70141, 520.83 cmit. *H NMR (400 MHz, Chloroformd) U = 7.33i 7.23 (m, 2H),
7.19 (s, 2H), 6.82 6.70 (m, 2H), 6.41 (d) = 8.4 Hz, 2H), 4.59 (dd] = 8.6, 2.7 Hz, 1H),
3.71 (s, 3H), 3.70 (s, 1H), 3.34 (= 8.3 Hz, 1H), 2.44 2.28 (m, 1H), 1.98 (s, 2H), 1.87 (s,
1H). 3C NMR (101 MHz, CDC}¥) 4= 151.0, 143.7, 141.9, 132.2, 128.6, 127.3, 114.9, 113.1,

62.9, 55.9, 49.7, 36.2, 23@pm.HRMS (ESI) calcd. for G;H1sCINO [M+H] m/z288.1158
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foundm/z288.1115Q The enantiomeric ratio d¥d was determined by HPLC analysis using
Daicel ChiralcelOJH column n-Hexane isopropanol = 95:5]ow rate 0.5 mL/min, &= 254

nm (channel 1), 238m (channel 2):;t(minor) = 24.0min, & (major) =33.4min.

(R)-1-(4-methoxyphenyl)2-(3-(trifluoromethoxy)phenyl)pyrrolidine (2€)

OH H 10 mol% Fe(OTf);, N
N MS (3A)
+ Hzo
1,2-Dichloroethane F3CO
OMe 90 °C, 24h
1 2
OCF3 e e OMe
S/R=97:3 R/S=97:3

Alcohol 1e (177.5 mg, 0.5 mmol)MS (3A) (300 mg), and the catalyse(OTf) (25.05 mg,
0.05 mmol)were treated as described fafor 24 h and purified as described fiato obtain
2d (165.5 mg, 0.48%nmol, 9% vyield) as a yellowish oilR (neat) 308, 3053, 2921, 2822,
1611, 1521, 149, 1451, 133, 1271, 1222.35, 118, 108.57, 963 801.34, 771, 701.41cm™.
'H NMR (400 MHz, Chloroforrad) U = 7.31 (t,J = 7.8 Hz, 1H), 7.18 (dd] = 7.7, 1.3 Hz,
1H), 7.13i 7.04 (m, 2H), 6.81 6.71 (m, 2H), 6.47 6.38 (m, 2H), 4.62 (dd] = 8.5, 2.5 Hz,
1H), 3.72 (s, 3H), 3.71 3.63 (m, 1H), 3.35 (td) = 8.7, 7.1 Hz, 1H), 2.40n, 1H), 2.00 fn,
2H), 1.91 (n, 1H).**C NMR (101 MHz, CDC}) ti= 151.1, 149.6, 147.9, 141.8, 129.8, 124.2,
119.2, 118.8, 118.5, 114.8, 113.1, 63.1, 55.9, 49.7, 36.1,pp8nHRMS (ESI) calcd. for
C1gH18F3NO, [M+H] m/z 338.1323found m/z 338.1320 The enantiomeric ratio dfe was
determined by HPLC analysis using Daicel Chira@@H column n-Hexane : isopropanol =
90:1Q flow rate 1.0 mL/mina-= 254 nm (channel 1), 232 nm (channel 2)ntajor) = 7.18

min, t (minor) =9.5min.
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(R)-1-(4-methoxyphenyl)2-(p-tolyl) pyrrolidine (2f)

OH H 10 mol% Fe(OTf);, N
N MS (3A) Me
> + H,0
1,2-Dichloroethane
Me OMe

90 °C, 24h
1f 2f

OMe
S/R=98:2 R/S=91:9
Alcohol 1f (1435 mg, 0.5 mmol)MS (3A) (300 mg), and the catalyse(OTf) (25.05 mg,

0.05 mmol)were treated as described fafor 24 h and purified as described fiato obtain
2f (1241 mg, 0464 mmol, B% yield) as acolorlessoil. IR (neat) 3@8, 303, 2911, 2821,
1609, 153, 149, 1453, 1372, 1273, 1231.42, 1137, 1166.32, 1064.43, 961, 816.43, 771.49,
707.13, 521.93 cmit. *H NMR (400 MHz, Chloroforrad) U= 7.27i 7.17 (m,4H), 6.917 6.81
(m, 2H), 6.601 6.51 (m,2H), 4.72 (dd,J = 8.3, 2.5 Hz, 1H), 3.81 (8H), 3.807 3.75 (m,
1H), 3.45 (tdJ = 8.9, 6.6 Hz, 1H), 2.58 2.45 (m,1H), 2.44 (s,3H), 2.217 2.09 (m,1H),
2.081 1.96 (m,2H) ppm **C NMR (100 MHz, CDC}) ti= 150.7, 142.2, 142.1, 136.0, 129.1,
125.8, 114.8, 112.9, 63.1, 55.9, 49.6, 43.4, 36.3, 23.3, #inQ HRMS (ESI) calcd. for
Ci18H2,NO [M+H] m/z268.1705 founan/z268.1696

The enantiomeric ratio dif was determined by HPLC analysis using Daicel ChiralzeH
column:n-Hexane: isopropanol 95:5, flowrate 1.0 mL/ming-= 254 nm (channel 1), 232

nm (channel 2);t(major) =11.4min, & (major) =12.5min.

(R)-2-(3-methoxyphenyl)1-(4-methoxyphenyl)pyrrolidine (29)

OH H 10 mol% Fe(OTf);,

§ MS (3A) N
+ Hzo
1,2-Dichloroethane MeO
OMe 90 °C, 24h
OMe 19 2g OMe
S/R=98:2 R/S=98:2

Alcohol 1g (150.5 mg, 0.5 mmolMS (3A) (300 mg), and the catalyse(OTf) (25.05 mg,
0.05 mmol)were treated as described f@afor 24 h and purified as described f@to obtain

29 (119.4 mg, 0.421 mmol, 88% yield) as a colorlessIBil(neat) 3068, 3050, 2911, 2821,
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1609, 1530, 1491, 1453, 1372, 1273, 1231.42, 1137, 1166.32, 1064.43, 961, 816.43, 771.49,
707.13, 521.93 cth *H NMR (400 MHz, Chloroforrad) ti = 7.22 (t,J = 7.8 Hz, 1H), 6.94

6.64 (m, 5H), 6.44 (d] = 8.5 Hz, 2H), 4.65 4.50 (m, 1H), 3.77 (s, 3H), 3.71 (s, 3H), 3.67 (d,
J=10.1 Hz, 1H), 3.34 (q] = 8.3 Hz, 1H), 2.37 (ttJ = 11.5, 7.8 Hz, 1H), 2.1 1.80 (m,

3H). 1*Cc NMR (101 MHz, CDC}) Ui = 159.8, 150.9, 147.2, 142.2, 129.4, 118.3, 114.8, 113.0,
111.9, 111.6, 63.5, 55.9, 55.1, 49.7, 36.2, 3m. HRMS (ESI) calcd. for GgH2oNO,

[M+H] m/z284.1649 founan/z284.1645

The enantiomeric ratio &g was determined by HPLC analysis using DafckiralcelOJH
column:n-Hexane: isopropanol = 985, flow rate 0.5mL/min, &= 254 nm (channel 1), 232

nm (channel 2);t(minor) = 278 min, § (major) =35.4min.

(R)-2-phenyltetrahydrofuran (2h)’

OH 10 mol% Fe(OTf);
©)\/\/0H MS (3A) / \
o + H,0
DEC : n-Hexane (1:1)
30 °C, 12h
1h 2h
S/R =07:93 S/R = 88:12

Alcohol 1h (83 mg, 0.5 mmol)MS (3A) (300 mg), and the catalyse(OTfg (25.05 mg, 0.05
mmol) were treated as described fbm for 12 h. After completion of reaction (TLC), the
crude was concentratethder vacuunand purified bya fast column chromatographic using
silica gel (mess 10@00) and dichloromethane eluent obtainep2in (82 mg, 0.98.8 mmol,
99% vyield) as colorless ofiH NMR (400 MHz, Chloroforrd) U= 7.37i 7.30 (m, 4H), 7.28
i 7.22 (m, 1H), 4.90 () = 7.2 Hz, 1H), 4.10 (dt] = 8.3, 6.8 Hz, 1H), 3.94 (td,= 7.8, 6.4
Hz, 1H), 2.387 2.26 (m, 1H), 2.0i71.95 (m, 2H), 1.87 1.76 (m, 1H) ppm*3C NMR (101
MHz, CDCk) U = 143.4, 128.2, 127,1125.6, 80.7, 68.6, 34.6, 26fpm. The enantiomeric
ratio of 2h was determined by HPLC analysis using Daicel ChirdlcEH column:n-Hexane

. isopropanol 95:05, flow rate 0.5 mL/minpg-= 254 nm (channel 1); {minor) =9.2min, t
(major) =10.1 min.
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