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Copy of HRMS, 'H, *C NMR and IR Spectra for Ligands

Figure-1 : HRMS spectrum of ligand 2a
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Figure-2 : HRMS spectrum of ligand 2b
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Figure-3 : HRMS spectrum of ligand 2¢
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Figure-4 : HRMS spectrum of ligand 2d
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Figure-5 : "H NMR spectra of ligand 2a
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Figure-7 : "H NMR spectra of ligand 2¢
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C NMR NMR spectra of ligand 2a

Figure-9
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C NMR NMR spectra of ligand 2b
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Figure-11 : "C NMR NMR spectra of ligand 2¢
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Figure-12 : °C NMR NMR spectra of ligand 2d
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Figure-13: IR spectra of ligand 2a
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Figure-14: IR spectra of ligand 2b
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Figure-15: IR spectra of ligand 2¢
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Copies of 'H, C NMR for Products

68
B A4
1.611

OH

Ph

ib ] [:] 7 L H L] 3 2 1

STANDARD 1H QOSERYE

Archive directarys Aespartymme s yd Armr eye adaba
Fwple dlroctory|
Fi¥n; GRRRON

PiTys Saguamcd: s2pul

3alvanta CLC1A
Babiant temparkklre
INDWA-180  “RUgadd bt

87.158
#5.4007

Aolak. deloy d.080 #0%

137 324
122,870

—77_820
__77_580

— 8148
‘
37.1a7

——1a1.1m

215 rapetitions
OBSERYC CLE, 1eO.5740140 AHZ
OECGUPLE 11, 838.B7rFL353 AHZ
Fawer 25 dB

santinuously an
WALTZ- 16 modulatmd
DATA FRDCESEIRG
Line broadening .4 Hz

FT s1ze ESE36

Total time 1 hr, LO min, B &G

OH

Ph

—b.075

— -i.08D

A
o

ppm

- T - T
220 20 1810 184 140 120

S10

pm



] gk 2 H
8 B2 & £
" waJ- = e

OCH; cH

4

T — T mme o T T
in =} a I 4 a 2 1 -0 npm
e = "
1.07 370 %38 5.00
2.0 1.1 b.%0
L9C DASERWE n = Tm ooo = om
¥ g iF @28 £ E
Archive direckory: cexport umes 2w imreys feath o g cen 4 =
#mpin directaryt L A T
Flisi CRANDM

Fules Gegmances c2pul i
Bolvent: G001Y 1
Anblent tanperotare

IUWA-A0D  *cudnddl®

EaTax. deldy 3.000 wec

Pulgs 45.0 c!run

Aeg. time 1. 1H4 sue

Width 25L41.4 Hz

b4 TepetlElons

DRSERVE Tiy, 180575
B

Total tiss Z hr, 20 Ain, 1& za¢

OCH, OH

7

Ph

WL Ll 1

2zh 20a 12 160 140 120 10a 40 ED 40 2l b ppm

T T T T T T T b e T

S11



E.E5H

amm——_5 .04

5.8%4

OH

4

Fh
MeC

SIRNUARD 10 DASEEYE

Archlue diractory:
Fanple diresterys
Fila: CRRBEN

g e Ty N ays Jdala

Fulia Sequdnca: sEpul

Solvemh COC1D
Snh1nm Aanparatur
SNTYA=T IR UEudadDl

Relox. dolay 2
Pulas 13,4 dagress
Rig. tine 1,140 cm
Widih ¥3141.4 He
104 ropatitions

Gld, 100.57F

¥

7q Wiz

GETERYE
DECOWPLE H1, 28B.1771363 MHZ
Power 33 di

3
ontinuous Iy on

Line broadening 3.0 #z

FT size

Totel tims i hr, L0 min, & Gec

MeG

OH

4

188, 456

Ph

—2.307

e T

X

—-1.583

-0.000

114. 408
LEY.43d
s
— 77820
7,540
.. 77100
A%, B57

55743

=2.810

A,

T

220

2nl

—rirepar

180

160

T
iz0 100 ab

S12

SRR

40

L [T —rr T
20 o e



—5.887
5,850

2.371
2,50
2,242

S13

1.580

0080

21,830

Me:

- ——— L . _h___ - ALl Jo
T T T T T T —T—TT | . . -
L] L] ? B 8 1 3 Z

[a——— .
4.8 2.0z 5.2
R T 100 10w
BTANDARD 1H ORSERVE
Archive diractory: seepartshomeszyweennreys data
nmpln directorye
Tila1 CaREal

Pulen Sequance: cZpul

Spluent: COCT

Anblent tomporaturs

INWA-100  Eudaann® HAEmtn ce mac w

Bt 5E asn a

Balox. dulay 3.000 sec 14 b o D\ o w

Fulze 45.# degraac EER R g8 RRR %
tine 1.190 zoc ! .

Widin i6141.4 Kz L2 |

E4_ropotitions

DEEERVE CA5, 108 ETIEEAL WHZ '1 I

DECOUPLE Hi, 358 9771363 NHz '

Fower 55 dB :

continuously on

LTZ-16 madulated

DATA FROCEASTHG

Line brogdanieg 5.0 Kz

FT gize 85551
1 41me 1 hr, th aln, & cic

i
OH
Ph
Me
l t
T IR RO Ly
AT Y ey
T T T T TraT— Pl e e
fd ] a0 168 148 12 14n an B0



6.067
a.047

Cl

--2.3F1
2.E48

OH

7

Ph

STAMDRRD 1H DBSERVE

Archive d1reclory: sOpar L /Mins /PPl UnklEys sdain

Fi

mple dir,

actary:

1e: CARBDM

Pulto doguence: s2pul
dalvenl: EOIE
Mubiignt tonperatura
INDVA-8D0

Ralem, delay 3
Fulve 73.0 uj
L

SRSERYE i

e
WALT

oATA
Ling

rT

3 cudean bt

ake

1]

1mionialy on
£+18 m‘éu'l ald
L] NG

Eizn 0333
Total tles 1 hry L8 nin, & due

2090 TN
rnnt

pruadening 3. ¢ Hz

Cl

hz
A, 1#0, 5750849 HHz
E E%. A9R.ET71549 NHZ

OH

4

Ph

1.a73

—EA. 7R
(F.bzn

BT BE3
77680
L_17_187
HE-B45

[ diapbsiin i o

-1.a72

T

I

L et

RN RN L TR RNER A, TTTTTT

ZZ0

200

160

149

12a pL] 1] B

S14

e -




7.E21
__7_485
F.a74
" r.d0E
7.841
7.827
7.5
—5.508
h_5.888
347
2,258
1,092

-

OH

7

Ph
Cl

b.pop

.08

ATANDAED IH OBSERYE

Arehive glroctory: savpart shong /2y Mooy date
Shmple dirkckary:
Fila: CARBAN

Pulte Sequonce: s2pul

Al LS L]
Al ] Bt tumpeld¥urd
THOYA=100 “aud1Aeo™

Relax. dalay 3.000 BC
Fulea 43,07 degridn
Acy. tine 1190 sac
Whith P1111.4 Hi
ER8 rnpotitbomd
DEMERYE Ui, 100.5738740 Mhg
DECOURLE 1, 3#9-3771383 Mz
Fovmr 3
continuoun |y m
WALTZ-10 modu iatdd
DATH FROCEREING
Linas broadening 2.0 Hz
ET klze EGS56
Tatal ting 1 he, 10 min, & wec

BB 456
B?.587
77.812
77.E08
T 160
949,674

OH

Ph
Cl

TTE T T

22D 2n0 184 160 140 iz0 ipd an ED 41 Z0

S15

o pem



mmm e .o o LY - =

L e [ - -4

EmEEamn i m e Em 38 = =
" e o oo - =

V4

T v T T T ' T I o | -
a & 7 [ 5 4 a 2 1 o0 ppm
e —_
D.BZ 0.B8 I.74
2.78 A.F4 1, b0

STANDERD 1H DBERERYE

Archiva dirsctory! JoWport/honn/zd sy doen
Smspla directorya

Fila: CARBON

Puls: SamUncd: 52pUl
Salymnt: CHC1A2

Peblont tewpscomturs

THEVA-AID  "gucwi0e- EEE SRy w coe -
e T ] =3 ol @ I
SHEERNENLER AE HaA g

Relad. dalay &. 008 Eac LR Er R v

Fulsn 45_0 degrens AARNNANNEGNS Bd RER -

Aco. timn 1 108 £eo 1l 3 Ll

width 25l41_9 Hz ) /J’_J

OBSERVE 13, 100.3/25440 MHZ
OECDAIPLE Hl, ZAF.37/1262 MHz
Frow| 5

Totel tene 1 hr, 1¥ Bin, 8 seC

T T
B2p 200 184 160 140

S16



=F in " 8
R 2 & N
= it 4 <
| W !
i

S

Ph

' W —
o.av i.25 9.8 1.08
a3.87 4. 40 i.on

STANGARD 1H BBIERVE

ATCRive O1r&CHOry: sEXpOrt /OEC «Zyw WImrsys sontn
Bampie #1roctory!
Filal CARBON

Purica Soquence: s2pul
Salvani: COEIR

Bnbiani ismparatura
IHOUA-A40  HEudndann

MR AmE o EEmDoT mm A = ]
3 BT RS ki mE gan H i
Rolad, driay 3.080 #9+: s o D D M R " -
Fulse 45.0 degrude o e e oo o B ] | R b !
Reo: Ling 1104 5ec L1 L 111
Widih 259014 Hz - X -) ).
152 ropEtitions H |
DREERVE G5, i80.5700585 WHZ :
FLE ld‘Bl H45.5771588 HHz | .
ooqunuouaué an j
WALTZ= LB medulated
IATA FROGESEING |
Linn brondening 2.4 hZ
FT wize 67536 ~
Total tima 1 hr, A0 min, & amc
aH )
oy
R
O Ph
TTTTTT ] T P e | T T T T R Vv T T T T PO T R e e e i e e e e
2210 200 180 168 148 j d | 109 &0 L1 10 20 ] EhE

S17



CCHs

5205

- 1.213
i.118

0. ooe

185 ORIERVE

Afthive diroctary) fowporthome/mve oy dete
Senpis direciorya
FITe: crroom

Pulee Seguance; wipdl

Belyentt CDC1E
Amkidnt tomporature
THOWA=A0m  =pudacOw"

Relen. talay I 0% cac

Pulcs 46.0 dagress

ben. time 1,180 soc

width F31a1_4 Hz

BB repatitimnn

E?SSR0E HHZ
TETIET NHZ

contdmuous Ty on

WALTZ-1E mofulated

OATA PROCEESI RO

Lims hroadening 1.0 HE

FT klzw BESSE

Total time 1 he, 16 min, 8 ZBC

158,170

147047

-135.187

118 _387

M

[

=

28.782
0%, Zad
_77.m2n
77.500
FEL T

L

ZZ0 20D 180 1GF

14

120

im0

S18

b, 50k
[JHLEL]
5%, 230

T r e FTTTTT

41

2D




Codt=n e +m = o
EEnILE R 2o = =
ko ! L ] =9 =
el wm w By -

JNM__ M » o ’

ATAHOARD iH QBSERWE

H.0% 1.18

Brohbve DINACLOrYS fAXQOCt FHOWE /oyw, OOBCEYE SOBtE

Lanple dirzctaryi
Flinr CARBOH

Putss Swquences e2pel
Solysnts COO18

Fmbiant tenperature
INDYA-0$0 " cudadent

Rolax. delay 3.40B0 sec

DECOUFLE  H1, 3%8.B7FL963 NHz

on
WALTZ-16 modulated

DATA PROCES3IMG

Ling brosdening 5. b Hz

FT chza BE53H

Tabal A1me 1 hr, 10 min, & soc

a0
180

119,328
145.a01
—12Z_za7
. 128.18%
_118.73%
13k, 502
—110.801
18,303
—HE. &1
-BE.151
—7r.820
28, 00%

£oar
o

-

-2.01

o e

cEn Z00

180 1610 l4n izn 100 :11] El 40 41}

S19

prm



J.883
2,474
Nt 7
=0.mo

T T I s T T o T
| a ¥ 6 5 4 4 2 1 ¥ pm
—_ e —
2.97 0.46
i.04 2.8
ETANDARD 1H GBSERVE
Archive IrECLOrYE /ENODCLAPANE/ZYW/ VITIEYE/OEta
Sompln dlrectary:
rilac CRARDN - mwammn " o= [ = = o
A RRIEEE 2R 2 - H
Pulsn Soquonce: c2pul Y H T (L X E— ¥
Enlvent: £0E13 5 H3ZE4F R 3 g 5 h
Al | &nt. t.!nnernllrs -J\_ul .
INDWA-A00  *sudndal = w é a1 4 E < E
oo mam E, o
Ealax, delay 3.000 sac I oo o E of
Pulas 4500 dearaes ¥ Hon E b b 1
Aeg. Llme 1.19% soc
Widlh 251414 Hr o
Ed repetitions
ORSERVE 18, 1005795874 MKz
BFCOBM F Hi, 3%3_9771565 WHz
Mpwtker 35 b
contindoHa 1y o0
WALTZ=1d modulated
BTN PROCESSINE
Live braddéning 8.0 Hz
ET mize Aol
Total tine 1 hry 10 win, & goc
L l [ ) J l ‘
T
g GO T T T T P O TTTTIT TR Kaw T e T T
2210 (AL 180 im0 140 120 100 fid] 1] 10 Fd | I ]

S20



Copies of the HPLC Data
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_SAMPLE INFORMATION
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The full data for Table 1: The relationship between ee values and the ratio of

Ti(O'Pr)4/ligand when different solvents were used.

Entry Solvent Ti(O'Pr)4/2a e.e
1 toluene 0.125/1 0
2 toluene 0.25/1 6
3 toluene 1/1 71
4 toluene 2/1 70
5 toluene 31 43
6 toluene 4/1 29
7 toluene 5/1 17
8 toluene 6/1 2
9 CH,Cl, 0.5/1 -3
10 CH,Cl, 1/1 79
11 CH,Cl, 2/1 71
12 CH,Cl, 3/1 57
13 THF 0/1 -20
14 THF 0.5/1 82
15 THF 2/1 85
16 THF 3/1 75
17 THF 4/1 81
18 THF 5/1 80
19 THF 6/1 80

20 THF 7/1 79
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