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Reagents were obtained from commercial vendors and used without further
purification. CH3CN, 1,2-dichloroethane (DCE), CH,Cl,, and diethyl ether were
distilled from calcium hydride. Toluene, DME, dioxane, THF, and tetrahydropyran
(THP) were distilled from sodium benzophenone ketyl immediately prior to use.
Oxabenzonorbornadienes 1a-e were prepared according to the literature procedures.!-
All flasks were flame-dried under a stream of nitrogen and cooled to room
temperature before use. Solvents and solutions were transferred with syringes and
cannulae using standard inert atmosphere techniques. All 'H and 3C NMR spectra
were recorded at 400 and 100 M NMR, respectively, using CDCl; as solvent. The
chemical shifts of all 'H and '3C NMR spectra are referenced to the residual signal of
CDCl; (8 7.26 ppm) for the '"H NMR spectra and (& 77.16 ppm) for the 3C NMR
spectra. Spectral features are tabulated in the following order: Chemical shift (3, ppm);
multiplicity (s-singlet, d-doublet, t-triplet, m-multiplet); coupling constants (J, Hz);
number of protons. IR spectra were obtained using CH,Cl, liquid film. MS were
recorded using EI at 70 eV. High resolution mass spectra (HRMS) (ion trap) were
obtained from (double focusing) mass spectrometer at 70 eV or mass spectrometer (APCI
or ESI). The melting points are uncorrected. Crystal structure was determined by X-ray

diffraction apparatus.
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2. Crystal structure and data of (15%2R*)-6,7-dibromo-2-isopropyl -1,2-
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dihydronaphthalen-1-ol (5i) ( CCDC 946820)
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Table 1. Crystal data and structure refinement for Si.
Identification code 5i
Empirical formula C3H14Br,O
Formula weight 346.04
Temperature 293(2) K
Wavelength 0.71073 A
Crystal system, space group Triclinic, P -1
Unit cell dimensions a=12.698(9) A alpha = 108.667(14) deg.

b=15.704(11) A  beta=96.252(14) deg.
c=15.785(19) A gamma=111.779(10) deg.

Volume 2675(4) A™3

Z, Calculated density 8, 1.719 Mg/m"3

Absorption coefficient 6.038 mm*-1

F(000) 1360

Crystal size 0.2x0.1 x0.1 mm

Theta range for data collection 1.41 to 24.00 deg.

Limiting indices -14<=h<=14, -17<=k<=17, -18<=I<=18

Reflections collected / unique 12433 / 8383 [R(int) = 0.1037]
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Completeness to theta = 24.00 98.7 %

Max. and min. transmission 0.547 and 0.489
Refinement method Full-matrix least-squares on F*2
Data / restraints / parameters 8273/0/589
Goodness-of-fit on F/2 0.890

Final R indices [[>2 sigma (I)] R1=0.0789, wR2 =0.1502
R indices (all data) R1=0.2821, wR2 =0.2223
Largest diff. peak and hole 0.683 and -0.633 e.A"-3
Table 2. Atomic coordinates ( x 10*4) and equivalent isotropic displacement
parameters (A*2 x 1073) for 5i. U(eq) is defined as one third of the trace of the

orthogonalized Uij tensor.

X y z U(eq)
Br(11) -4041(2) 427(2) 6348(1) 96(1)
Br(14) -4073(2) -75(2) 8287(2) 124(1)
C(60) 1516(17) 2707(16) 9266(12) 92(7)
C(62) -528(18) 1605(14) 8616(12) 60(5)
C(63) -550(17) 1731(11) 7760(13) 52(4)
0(3) 625(10) 2522(9) 6844(7) 64(3)
C(66) -1582(19) 1377(13) 7097(12) 69(5)
C(67) -2648(16) 855(12) 7232(11) 61(5)
C(68) -2674(16) 694(12) 8047(14) 65(5)
C(74) -1650(20) 1056(14) 8711(12) 74(6)
C(75) 553(18) 2011(14) 9278(10) 69(6)
C(81) 666(15) 2283(13) 7653(10) 67(5)
C(100) 1509(19) 3048(15) 8466(12) 97(7)
C(103) 2806(15) 3637(14) 8431(12) 73(5)
C(111) 3356(15) 4619(13) 9294(11) 91(6)



C(112)

3499(17) 3046(16)

8354(12)

111(7)

Table 3.

Bond lengths [A] and angles [deg] for 5i.

Br(11)-C(67)
Br(14)-C(68)
C(60)-C(75)
C(60)-C(100)
C(60)-H(60)
C(62)-C(75)
C(62)-C(74)
C(62)-C(63)
C(63)-C(66)
C(63)-C(81)
0(3)-C(81)
0(3)-H(3)
C(66)-C(67)
C(66)-H(66)
C(67)-C(68)
C(68)-C(74)
C(74)-H(74)
C(75)-H(75)
C(81)-C(100)
C(81)-H(81)
C(100)-C(103)
C(100)-H(100)
C(103)-C(112)
C(103)-C(111)
C(103)-H(103)
C(111)-H(11D)
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1.874(17)
1.898(16)
1.31(2)
1.52(2)
0.9300
1.41(2)
1.42(2)
1.425(19)
1.38(2)
1.52(2)
1.443(15)
0.8200
1.38(2)
0.9300
1.389(19)
1.38(2)
0.9300
0.9300
1.41(2)
0.9800
1.58(2)
0.9800
1.49(2)
1.54(2)
0.9800
0.9600



C(111)-H(11E)
C(111)-H(11F)
C(112)-H(11M)
C(112)-H(1IN)
C(112)-H(110)
C(75)-C(60)-C(100)
C(75)-C(60)-H(60)
C(100)-C(60)-H(60)
C(75)-C(62)-C(74)
C(75)-C(62)-C(63)
C(74)-C(62)-C(63)
C(66)-C(63)-C(62)
C(66)-C(63)-C(81)
C(62)-C(63)-C(81)
C(81)-0(3)-H(3)
C(67)-C(66)-C(63)
C(67)-C(66)-H(66)
C(63)-C(66)-H(66)
C(66)-C(67)-C(68)
C(66)-C(67)-Br(11)
C(68)-C(67)-Br(11)
C(74)-C(68)-C(67)
C(74)-C(68)-Br(14)
C(67)-C(68)-Br(14)
C(68)-C(74)-C(62)
C(68)-C(74)-H(74)
C(62)-C(74)-H(74)
C(60)-C(75)-C(62)
C(60)-C(75)-H(75)
C(62)-C(75)-H(75)
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0.9600
0.9600
0.9600
0.9600
0.9600
119.2(17)
120.4
120.4
125.8(18)
119.9(18)
114.2(17)
122.6(17)
124.0(17)
113.4(17)
109.5
120.5(16)
119.7
119.7
119.2(16)
119.9(14)
120.8(15)
120.2(17)
116.4(16)
123.3(16)
123.2(17)
118.4
118.4
123.1(18)
118.4
118.4



0(3)-C(81)-C(63) 112.8(14)

C(100)-C(81)-H(81) 103.3
0(3)-C(81)-H(81) 103.3
C(63)-C(81)-H(81) 103.3
C(81)-C(100)-C(60) 111.3(17)
C(81)-C(100)-C(103) 120.1(16)
C(60)-C(100)-C(103) 110.4(16)
C(81)-C(100)-H(100) 104.5
C(60)-C(100)-H(100) 104.5
C(103)-C(100)-H(100) 104.5
C(112)-C(103)-C(111) 113.2(16)
C(112)-C(103)-C(100) 112.8(17)
C(111)-C(103)-C(100) 106.8(14)
C(112)-C(103)-H(103) 107.9
C(111)-C(103)-H(103) 107.9
C(100)-C(103)-H(103) 107.9
C(103)-C(111)-H(11D) 109.5
C(103)-C(111)-H(11E) 109.5
H(11D)-C(111)-H(11E) 109.5
C(103)-C(111)-H(11F) 109.5
H(11D)-C(111)-H(11F) 109.5
H(11E)-C(111)-H(11F) 109.5
C(103)-C(112)-H(11M) 109.5
C(103)-C(112)-H(11N) 109.5
H(11M)-C(112)-H(11N) 109.5
C(103)-C(112)-H(110) 109.5
H(11M)-C(112)-H(110) 109.5
H(11N)-C(112)-H(110) 109.5

Table 4.  Anisotropic displacement parameters (A*2 x 103) for 5i. The
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anisotropic displacement factor exponent takes the form: -2 pi*2 [ h*2 a*"2 Ul1l

+..+2hka*b* Ul12]

Ul1 U22 U33 U23 U13 Ul12

Br(11)  67(2) 99(2) 107(2) 39(1) 9(1) 23(1)
Br(14)  90(2) 141(2) 142(2) 73(2) 50(2) 30(2)
C(60) 30(14)  127(19) 85(15) 47(14)  -20(10) 2(13)

C(62)  73(16) 75(15) 56(12)  21(11) 31(12) 59(13)
C(63) 66(15)  20(10) 76(14)  22(9) 29(11)  21(10)
03)  60(9) 82(10) 64(7) 43(7) 19(6) 33(7)

C(66)  74(16) 68(14) 69(13)  27(11) 30(12) 32(12)
C(67)  72(16) 55(13) 58(12)  29(10)  20(10)  23(11)
C(68)  50(14) 68(14) 91(14) 37(12) 32(11) 32(11)
C(74)  93(18) 81(15) 87(15) 38(13)  43(14) 69(14)

C(75)  57(15) 86(16) 50(11) 9(11) -5(11) 36(12)
C81)  64(15) 76(14) 51(12) 34(11) 9(10) 15(11)
C(100) 11020)  105(18)  47(12) 18(13) 2(12) 34(15)
C(103) 45(13) 78(15) 83(14)  27(12) 9(10) 18(12)

C(111) 88(16) 87(16) 88(14) 33(13) 10(11) 32(13)
C(112) 13020)  150(20)  111(16) 59(15) 52(14)  111(18)

Table 5. Hydrogen coordinates (x 104) and isotropic displacement parameters

(A”2 x 1073) for Si.

X y z U(eq)

H(60) 2195 2989 9741 111
H(@3) 194 2802 6839 96
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H(66)
H(74)
H(75)
H(81)
H(100)
H(103)
H(11D)
H(11E)
H(11F)
H(11M)
H(11N)
H(110)

-1557
-1691
583
966
1207
2765
3397
2881
4132
4270
3114
3559

1492
935
1773
1775
3553
3802
4476
4974
5019
3429
2444
2882

6556
9249
9745
7500
8644
7883
9841
9299
9280
8318
7805
8887

82
88
83
80
116
88
137
137
137
166
166
166
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3. Copies of 'H and 3C NMR spectra of 2a-g, 2ff, 2gg, 3a-f, 4a, 4aa, 4e, 4ee, Sa,
5d, Se, 5i, 5f, and 6a, 6e

—

—_—
—_—
—
—_—
—_—

S10



20 15

30 25

65 60 55 50 45 40 35
[N

70

Zhpl— - L - [ s
[ |ﬁu H!O~.¢| -

A O - ———————, Ry
I l.fll.nﬂ.||||1. mroo.m-.

- Il
L ~ == Fp0|

3

59 hi— i L

~ gH.E._
. 2
5 l a w .
N

w9zl [ T =~ =001
85'9ZL - = o)
om.hmﬁw I —

Z9'LzL

. © -

Vezel ~ 8 o= ]
ety - a P MWO0T |
65'9EL A w

80 75
1 (ppm)

85

%
/
L
w
1=

95

S11

6.5 6.0



80°FI-—

Tl
88'9C~.
90°6C~
0ZeE~

T or—

1£°0L—

Lyt
L9971
om.hm%
LSLTT
15871/
€CIELS
L9TE
prost!

/

/

—

Fzol

ﬁvmo.m

_lmm.m

Faso

Feol

S12



8€'9C
99T
mo.om%
€ 9e~

09—

8889

i

66'F01—

ISXTAR
8.3;
95°LTT

80°LT1 \
19821
6167 @
TLTET \
L6'OET

OH

2c

50 45

55

135 130 125 120 115 110 105 100 85 90 8 80 75
£1 {ppm)

140

=L

koo
0o’k

o'l

ook
oLl

Foo

Foot
Feoe

0.0

0.5

10

15

20

25

30

35

40

4.5

50

55

6.0

65

7.0

75

1 (ppm)

S13



Yo or—

€T0L—

§-alt
00°LT1
9LT1
69°LT1
19871~
v ol
8 oE1
99¢1

2d

a0 45 40 3 30 25

55

80

85

95

135 130 125 120 1158 110 105

140

£1 (ppm)

L Eso1

L 9670

=, Fo0'1

0.0

0.5

1.0

£1 (ppm)

S14



8005—

€L~

889241
61271
mw.R%
L0°8ZL

£2'8zL

0F'8Z1
arszLd
E.mwiﬁ
53 zcl
L5'SEL

08°0pL—

75 70 65 60 55 50 45

80

140 135 130 125 120 115 110 105 100

145

1 (ppm)

S15



Feso

o0e
oL

OO

ool

p0'L
Floz
¥O6T
Fi0e
R

0.0

Cl'eb—

05

6055~

3 €SPl

35

1 (ppm)

4.5

STPIT—
or'9TI
09'971

oF' LTI
p0'8T1

1€°87 1+
SE6TI

€r 6T
0001
LETET]
BSTE 1
1€°5E T

5.0

5.5

6.0

6.5

70

7.5

6985 [—

45

50

55

95 a0 85

100

£1 (ppm)

S16

158 150 145 140 135 130 125 120 115 110 105

160




H,CO OCH,

2ff

T T T
[=] (=] [=2]
2 S o)
= =t v
1.5 7.0 6.5 6.0 8.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 0.5
£1 (ppm)
o o [l =T
=) =t o~ — vy
oo o - =+ o
wy o (o] — Wy
—_ —_ —_ — v
[ I [ [ \
H;CO OCH3;
|
Tt b o i

T T T T T T T T T T T T T T T
65 160 155 150 145 140 135 130 125 120 115 110 105 100 9B
£1 (ppm)

S17



g

I

L

“

B “LM_JLAJ

k60

Ol

koot

EO0'L

G660

L0e
06’y

10 05 0.0

1.5

65 6.0 55 50 45 40 35 30 25 20
1 (ppm)

7.0

7.5

60—

SCFL—

959z 1)
€L'9TT
1621
YU8TIY
15821

¥8'8T1 N
LO6TT

:..@N%
SETEL \
6 TS

E.mmz\
90°6€ 1

Cl

®
£1 (ppm)
S18

T T T T T T T T T
138 130 125 120 115 110 105 100 95

T
140

T
145



Cl Cl

2gg

T T T T T T T T T T T T T T T
7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
£1 (ppm)
—_ -
=t [ =N
o0 V]
on B = ]
—_ —
| | S

Cl Cl

2gg

.

T T T T T T T T T T T
150 145 140 135 130 126 120 115 110 105 100 9% %0 5 80 75 70
£1 (ppm)

S19



OCH,

CHs

OCHOH

3a

=p0e

Fal'lL

kool

80'¢
ﬂho.m

L0l

EO0'L

1.0

15

25

3.0

35
1 (ppm)

4.0

SI'S1—

65 e~

FIos—

ST PO—

EF01 1~
SO 111

ST~
8€TTI/
Lo'sz1’

06°TET~

YA ARN
6F0S17

OCHs

CHj

OCHOH

3a

520



OCH,
OCHOH
3b

Fiov

Koot
B0E
Lt

E80'1

00t
£€6'C

9670

FOO'L

F96'1
E66°0

0.0

0.5

1.0

(4845

99T~
69T~
960~
+0'Te—

£8°0t—

09§
8196
19°C9—

OF 011~
ortrrs

09071~
8171
146717
18°0E1—

0s°6FI~
50817

OCHOH

OCH,

3b

150 145 140 135 130 125 120 115 110 106 100 95 90 85 80
£1 (ppm)

155

S21



I
o

I / / /
i

il

/
o

J
|

OCH-0H
/)
.JLﬂJnUL

OCHj,

Fag0
F00Z
Fios

¥STl
ger
skl

e0'e
Mmm.w
590

Frol

kool

Fos

Fezot

0.0

1.0

1.5

20

25

3.0

45

50

6.0

6.5

70

1 (ppm)

LEOTT~,
00111

96°0CT~
e yaake
L8'STI—
9L'BTIT

SPovi
€E0ST

OCHj;

OCH-OH
3c

£1 (ppm)
S22




L

/

/N

/!

960

FSO'T
FSO0'L

60°¢

20T
0T
Rzt

=00°T
FTO'1

FE0T
660

2.5

4.0

1 (ppm)

80°FE—
89°6E—

£0°95
81°9¢
1929~

LYol
0T 111

8LOIT
€6'071-
Wt
ﬁ.m&i\
85671

SL9ET~

1221458
157051

90

100

110

120

130

140

150

1 (ppm)

S23



A Esso|

OCH,
OCHOH

3e

//

~

gl ay—

0655~
8L'957"

Lp L8

SS0L~
8Z b1

mvnow_‘

sz
s
o)

L6'6EL—

156k~
LZL5L—

OCH,

OCHOH

110 105 95 00 8 80 75 70 65 60 55 50 45 40
1 (ppm)

145 135 125 115

155

S24



L—

LS
o
L
(=]
8T Ly— -
) 81'ss
a.mmw =
8195
L w
=101
$5°LO— -
oy
w3
o
Le
o)
L HW
Fegs =
=20e|
Fgr0r 2
8011
ST
L9 98°€11/
0T0TT,
8ETT 1~
rago| O s1€z1/
8e0 58T 1~ -
. 96'8T1/, T
o 18161/ %
L (=]
FooL| ©
. SEGFI~
F o 0£ 1ST-
————= lwov .__m.v &
- AEBSI— o
Fsez| ™ W W
uw
T~

45 40

50

160 155 150 145 140 135 130 125 120 116 110 105 100 95
£1 (ppm)

165

70



4a

Le
o
Lo 9T b1~ -
(=]
Le
Ll T
L
F8TLF o
ST°05~
| w 6855
o m@.mmv
LS
o)
Le SEbL—
I3
TOTT-
SFe =
Gezl A
LW
2
FSO'L
<
wl
08°60 1~
. Va e}
o TTOIT <
(@)
koL 2 mm.\.m; T
LTI 10
mm.wmq_m
Lo €L8T1 O S
Iy
0ok
Regy
SOk
G S 8
FS8PT~ A A
o 15051~ T T
[~

S26

145 140 135 130 125 1200 1158 110 105 100 85 90 85

150

155



4aa

ool

H,CO
H,CO

n

/r

ﬂ_“_m(____,,__"m_____,ﬁAQ_JLukA‘w___n_Jkylﬁg__,;.gA__"_m(__ﬁ___ﬁ___L_

F0'E

=L09

98 10—

08°65—

LLSOT~,
r1901/

Wmﬁﬂﬁ/
rroeiy
0921
m_sm_%
€619

ww.mml

9L'8PT-,
laa0aed

4aa

soW

H,CO
H,CO

50 45

55

150 145 140 135 130 125 120 116 110 106 100 95 90 85 80
1 (ppm)

155

S27



‘/f/

Fiou

59T
Mwh.w
€L0

Fioy

Fos0

-

00’}
Rt
280

Feev

1.0 0.5 0.0

1.5

7.0 6.5 6.0 55 50 45 35 30 25 20
1 (ppm)

75

SL'os—

96°65—

Eri—

19778

08°60T~,
€014

9 ell
mo.nmﬁ/
mﬁ.nﬂﬁk
PLLTT~
S6°LTI
9¢'8C1

€L°8TT-

SLOvI—
SEEPT—

€S8P

85

T
95
f1 (ppm)

T
100

T
108

T T T
135 130 125

T
140

150

S28



H,CO

H,CO

4ee

+

|

L

U

| I

\\\

"
U’W J

|

=

f////f 1

109

LO'T
00°L

0= — ®
Seee
R R

€0'1
00°1

8.0

68°S5—

#0901~
59017

P8'ETI
9EFTI
089¢C1
€0°LTT
E£TLET
9¢'8C1
8L8T1
I¥otl
L69ET—

9e" 1P~

¥S6F I,
9L6FT

H,CO

H,CO

4ee

r r T T T T T T T T T
145 140 136 130 125 120 115 110 105 100 95
£1 (ppm)

T
150

T
155

S29



A

Br

Br

l

\

EOAN

I

L I

|

a_)“l,h__,__/’

(o )

A

=60'¢e

B

EpOL

Fcol

oot

00

Fg6'0

Eol

1.0 0.5 0.0

15

7.0 65 60 55 50 45 40 35 30 25 20
1 (ppm)

75

orel—

96—

FS0L—

68°TT 1
POPTI
69FT1~
LS0ET

SSTEL
OTEET)
€SHET

_N.BE\

Br

Br

15 10

20

50

53

80 7! T 65
£1 (ppm)
S30

83

135 130 125 120 115 110 108 100 95

140



!

0.0

Br
Br

860

Faoz

60
g0

1.0 0.5

1.5

6.5 6.0 55 50 45 40 35 3.0 25 20

7.0

75

1 (ppm)

Po'ee—

£6°6E—

9€°69—

8CTLIT—

£6'TTI,
0€PT 1~
sz’
80'TET
€TTET~
el
oeEElf
[19e1y
v1LeT!

Br

Br

5d

£1 (opm)
S31

T T
105 100

T
110

T T T
135 130 125 120

T
140




A
=

OH

5e

|/
N

ML‘HAWL

_J

je

:

6.0

L

e

I

b

B
B

)

Foo1

ESO'L

FOO'L

001

EIO°L

L¥'S

0l
=L80

4.5 4.0
f1 (ppm)

5.0

5.5

£€6°67—

Isel—

FSETT

S.vm_y,
00921

mm.hﬁ/
€¥'8TI-
96'8Z17
18°0€1
ET1ET
80°ZET
9¢°€E ]
T59€1
LTOFT

o

e

Br
B

™y

T
100

T
105

T
110

T
115

T
120

T
125

T
130

T
135

T
140

f1 (ppm)

S32



5f

Br
Br

Lo 10°6t-—
. 6L°55— -
Frot
o $9'€L— -
S gsot]”
M roe| B
FIO'T PEPTT, )
- 08 +117
G P01 K
08'ST I 5
e IW6TT\ 3
180€ T
STIET]
o le oa._m%
== Fo0t ﬁ\_m.mm;_ﬁ
segst)
J He trogt! ‘ T
00'1 110
‘61— Y
0T o T$°6P1 5
- -
00'T .
me.e.m v68ST
— —
m m

100
S33

T T
165 150 145 140 135 130 125 120 115 110 105
£1 (ppm)

160

165




Br

Br

¥BLE
hzze

=L
=0

Fsi

FrOL

kool

Ep0L

Fze0

1.0 05 0.0

15

20

25

3.0

45

50

55

6.0

6.5

70

75

96'8l ~
85'0g-

89'6g—

9.8 —

L9'69—

liangni-erziuy:
Std carbon

Br

Br

7l 65 60 85 50 45 40

78

90 85 80 7
£1 (ppm)
S34

95

145 140 135 1300 125 120 115 110 108

150



/

/

o0t

kool

Fzol

1.0 05 0.0

1.5

80 75 70 65 60 55 50 45 40 35 30 25 20
1 (ppm)

85

90

69°91—

69—

£0°69—

60T
50T
LOETI
E1€CT
£S€TTH
S6'ETL
10°STT
LTITTH
18'9Z1
89T I
ANIAL
vELT

mm.om%
89°0ET]
IrEEl

0ErT—

S35



=[0°T

=£0'L

=00°L

0L '8F—

2.8

969~

4.0

Lozl
peTTl
LOETI
ARA
09°€C1
8Tl
005211
ozl
81971
E 96'9T11
00°LT11
5 0°LTT
PELTT
I8°LT1
09821
89'871§
88'6TT
60°0€T
6S0E 1

LLOET
658t 1—

£1 (ppm)

5.0 4.5

5.8

00°erT—

T T T T T T T T T
140 135 130 125 120 115 110 105 100 95

T
145

£1 (ppm)

S36



