Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

Prediction of Suitable Catalyst by '"H NMR: Asymmetric Synthesis of
Multisubstituted Biaryls by Chiral Phosphoric Acid Catalyzed
Asymmetric Bromination

Keiji Mori, Yuki Ichikawa,” Manato Kobayashi,” Yukihiro Shibata,’

Masahiro Yamanaka, " and Takahiko Akiyama*"

Department of Chemistry, Faculty of Science,
Gakushuin University,
1-5-1 Mejiro, Toshima-ku, Tokyo 171-8588, Japan'
Department of Chemistry and Research Center for Smart Molecules, Faculty of Science,
Rikkyo University,
3-34-1 Nishi-Ikebukuro, Toshima-ku, Tokyo 171-8501, Japan™ "

takahiko .akivama@ gakushuin.ac.jp

Supporting Information

Scammed images of 'H- and *C-NMR of new compounds S1



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

'H NMR spectrum of 3a.
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'H NMR spectrum of the mixture of 3a and 1a (X = Ph).
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'H NMR spectrum of the mixture of 3a and 1b (X = p-NO,C,H,).
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'H NMR spectrum of the mixture of 3a and 1¢ (X = p-CF,C,H,).
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'H NMR spectrum of the mixture of 3a and 1d (X = SiPh,).
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'H NMR spectrum of the mixture of 3a and 1e (X = 2,4,6-(i-Pr),C,H,).
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'H NMR spectrum of the mixture of 3a and 1f (X = 1-naphthyl).
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'H NMR spectrum of the mixture of 3a and 1g (X = 2-naphthyl).
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'H NMR spectrum of the mixture of 3a and 1h (X = 9-phenanthryl).
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'H NMR spectrum of the mixture of 3a and 1i (X = 1-pyrenyl).
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'H NMR spectrum of the mixture of 3a and 1j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3a and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3a and 2j (X = 9-anthryl) and MS13X.
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'H NMR spectrum of s15.
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*C NMR spectrum of s15.
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"H NMR spectrum of 3n.
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*C NMR spectrum of 3n.
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"H NMR spectrum of 3o0.
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*C NMR spectrum of 3o.
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'H NMR spectrum of s23.
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*C NMR spectrum of s23.
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'H NMR spectrum of s25.
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*C NMR spectrum of s25.
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'H NMR spectrum of s28.
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*C NMR spectrum of s28.

Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

wdd o 0z oy 09 08 00T 0zT (1] 21 09T 08T 002 0zz

::_______:_:_________..___:___.____.___________________:r______________.__._____.___:_ﬁ__________:____:____—LLI_lr

%i;}}%ziii%%

/

8Z8°PET
TL6'PST

_/_
wa

TSZO0ET
6SE"PET

oes plurm LT oupa TvIOL
A 9€SS9 ©2FF 1i

ZH O%F Butueprvoxq ouUFT
_/_ ONISSIOOUd VIVA
Pe3RINPo™ 9T-ZLTYM

uo Arsnonuyjuco

&P 0 IeMod

ZHR PIZLIPYL 66€ ‘TH ITdNODEA
ZHW 8€SZSTS' 00T ‘€TI0 HA¥ISEHO
suoy3fiedex 95T

ZH 8°60SPT UIPTM

oes 00¢'T emy3 ‘boy

seexbep 0°5p O8INd

008 00L'0 Avrep °‘XwTey

LSB°SST

Z6L°SS—
v00-)

L89°9L
0zZE"LL

=
2\
A\

(331
szt
SZT
92T
92T
0ET

...... s00PURTFIPAL  00F-SUNNA

O OET udeu OHD ¥ IVHOWTP € OHO ¢ !OTTA
Tawua :z03ewxedo

Q eanjevredmey JUOTqWY
O3 €TOPO 13UGATOS

1ndzs :eouenbeg eeTng

sea ss—/
€8€° b6 ——
890°80T
¥Zy TIT

68€
689
898
szT
0ss
69T

OHO

WOWO OWOW
Q PT3'0ET udeu OHD b IVHOWTP € OHO Z/d¥HN/TINX/v3iwp/fiom/vueAry/Ar3etmweyd ofuvbio/wivp/shsruua/TIuuas/emoy/ :9TTA

D€T ydeu OHD b IVHONTP € °HO Z

S25



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

'H NMR spectrum of 3p.
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*C NMR spectrum of 3p.
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'H NMR spectrum of s34.
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*C NMR spectrum of s34.
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'H NMR spectrum of 3r.
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*C NMR spectrum of 3r.
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'H NMR spectrum of s37.

009
« erE
so°¢€

wdd 0- z

TR S oy T B0 I O | 0 O 0 0 0 6 B

o
®
N

&

60
60" €
7 00°T
. Lo°x
00°¢

9 8 01T zt
0 0 O ) T O[O0 O [ IO ity e eyl o oy cpolftend yospe

T T )

| I

S32

SNO 8NO

OHO

OWOW

Pes Qp ‘UTW Q SwWr3 Te3IOL
9€5S9 °ZTs 1La

zZH z°'Q Butuepwoxq eurT
DNISSEDONd VIVa

ZHW TTLITPL 66€ ‘TH  FANIASHO
suot3Tiedex g

ZH €°0TF9 YIPTM

oes 005'¢ ewr3 "boy

seexbep (°Gp e5TNd

oes 005°T AeTep "XeTey

w00FURTIVAL  00F-SUANA
HT OHO IVHOWTP YdeNeWO § ¥ :oTTd
Tamua :z03e30d0

eanjeredwes jueTquUy

€TOPD :3USATOS

tndzs :eouenbeg esTng

INOWO S N = =
Q PT3"HT OHO IVHOWTP YdeNOWO § ¥/¥WN/T3ni/e3ep/Tioum/eweltiv/A13sTweyd oTuebro/ejep/sAsiuma/Taurus/ewoy/ :oTT4

HT OHD IVHOWTP UYdeNSHO S ¥



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013
*C NMR spectrum of s37.

wdd o 0z oV 09 08 00T 0ZT ovT 09T 08T 002 0zz

_..___:_rr:__::_L_F_L:_____.____________:_;_____:_____.._._..____________.___:LLITE____._..____:F_>._>___._____

A\
e
sev zer—/
sve-ger—/

089°9L
000°LL
T02Z
0zZE"LL

S't‘LSIJ

oes ‘uFm LT eWF3 TwIOL
9€SS9 ©ZFF 1a
2zH ¢'T Buyuepwoiq euyT1
ONISSED0¥d YIVa
ope3vTnpom 9T-ZLTYM
N uo Arsnonuyjuco

i 4
TIP 00T
1\

n on

e 53 s &P 0% I0MOd

£ 3 o zmm vzLToPL 668 ‘TH 3Tdn00EQ
gt ZHW L6STSTS 00T ‘€10 SANISEO

suof3afiedex p9

ZH 8°60SPZ WIPTM

oes 00¢'T ewr3y ‘boy
soexbep 0°Sy ©STNd
088 00L°0 Aerep ‘xwyew

TET—

SN0 SN0 ARy w00PURTIVAL  00F-SWHNA
DET OHD IVHOWTP WdeNeWO S b :OTF4

Txaua :xo03vxedo
eanjviedmey FueTqWY
ETOPO :3UGATOS

1ndzs :eouenbeg esTnd

STP 60T
STT
61T
0zT
92T
0ET

Lo8 SS—\
i\
o\
-

€80°80T
€€0
LY
v8E
S68
Z6T
16

OHO

WOWO OWOW
Q PT3°DET OHD IVHOWTP WAPNOWO § b/UWN/TANZ/®3wp/TIom/vueiyyy/A13emeyd oyuebio/e3ep/shsIuwus/TIuus/omoy/ :0TT4

DET OHD IVWOKTP YdeN®WO § ¥

S33



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

12

'H NMR spectrum of 3t.
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*C NMR spectrum of s45.
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'H NMR spectrum of 3s.
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*C NMR spectrum of 3s.
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'"H NMR spectrum of 4n.
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C NMR spectrum of 4n.
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"H NMR spectrum of s8.
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*C NMR spectrum of s8.
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HPLC chart of s8.
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"H NMR spectrum of 4o.

S47

T

LA B S B S e e S L

TTTT T T T Y

) SULENLIN S e S S B AL B B B I B

-0

[0 4

} 260

10

12



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

*C NMR spectrum of 4o.
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HPLC chart of 4o.
J i
P
20+ -20
2
E
10+ -10
0 -0
40 45 50 55 60 65 70 75 80 85 %0
min
Peak # Retention time Type Area Area %
1 57.87 BB 13805148 50. 436
2 64. 90 BB . 13566322 49. 564
I Br
HO' OH
OMe
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"H NMR spectrum of 4p.
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*C NMR spectrum of 4p.
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HPLC chart of 4p.
g0
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3 w0
20

- 80
- 60
- 40

20

30 35 40 45 50

55
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Pk # Time Area
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"H NMR spectrum of 4r.
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HPLC chart of 4r.
]
200 - - 200
2
13
100 L 100
0 -0
150 175 200 225 250 215 300 35 350 315 400
min
Pk # Time Area Area% Type
1 23.05 49665607 75. 541 BB
2 32.36 16081352 24. 459 BB
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HPLC chart of 4r (racemic).
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40+ e (D 19-1-05 "40
30- -30
2 20+ -20
E
10- 10
0 0
12 14 16 Ih 20 22 Zl4 26 jB 30
min
Pk # Time Area Area% Type
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2 24.16 5683535 49. 995 BB
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"H NMR spectrum of 4s.

OMe
™

-0

HO
OMe
LI B S S e L

~7

L
2

-

ﬁ

L
4

! SN B g

-

- [ 802
N j [ L8790
+ zZo't
[
— w
g — N
- Tz
X - - < Lo°Ft
L 0L
- @
[ " zett
1 [
-
E -
3 r
[
!
[ e~
-
t
L
&

S57



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

*C NMR spectrum of 4s.

OMe

HO' llliil :z:1
O

LEL"8S

§50°¢C9
L607 69
LS 9L
000°-LL

0TC LL

997" 60T
LEP"¥TT
1ze-tet
650" ¥2T—
¥50° 92T
00»" Lzt
95T- 82t
859" 8ZT 4,

S08° 001

praTezt
6997 62T
T80° LT

soT-LET

TSt

S58

eLoost

TEST ST

ppm

200 180 160 140 120 100 80 60 40 20

220



Electronic Supplementary Material (ESI) for Chemical Science
This journal is © The Royal Society of Chemistry 2013

fo

HPLC chart of 4s.
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*C NMR spectrum of 4t.
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HPLC chart of 4t.
]
[ iS4 am. 4 nm
| Javyd 581
204 -20
=2
‘é 10
0 o
~—~—— 2
| . . .
10 15 20 25 30 35 40
min
Pk # Time Area Area% Type
1 17.20 5062913 45. 460 BB
2 30. 97 6074271 54. 540 BB
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'H NMR spectrum of the mixture of 3b and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3¢ and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3d and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3e and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3f and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3g and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3h and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3i and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3j and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3k and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 31 and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3m and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3n and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 30 and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3p and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3q and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3r and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3s and 2j (X = 9-anthryl).
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'H NMR spectrum of the mixture of 3t and 2j (X = 9-anthryl).
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