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0.0
W [H*-SiOy] H

1 2 o 3 Jo
Entry Equivl | Equiv2 SiO; catalyst [H*-SiOz] | Temp Solvent Solvent % Yid 3
amount (°C) | Concentration (*H NMR)
(mg)
1 1 1.1 SA (3 mol%) 55 65 0.25 CDCl; 15
2 1 1.1 | TfOH (3 mol%) 55 65 0.25 CDCl; 24
3 1 1.1 HCIO4 (3 mol%) 55 65 0.25 CDCls 32
4 1 1.1 PTSA (3 mol%) 55 65 0.25 CDCl; 43
5 1 1.1 SA (6 mol%) 55 65 0.25 CDCl; 5
6 1 1.1 TfOH (6 mol%) 55 65 0.25 CDCl; 3
7 1 1.1 HCIO4 (6 mol%) 55 65 0.25 CDCl; 9
8 1 1.1 PTSA (6 mol%) 55 65 0.25 CDCl; 49
9 1 1.1 SA (3 mol%) 30 65 0.25 CDCl; 26
10 1 1.1 SA (3 mol%) 80 65 0.25 CDCl5 15
11 1 1.1 SA (6 mol%) 30 65 0.25 CDCl5 34
12 1 1.1 SA (6 mol%) 80 65 0.25 CDCl5 8
13 1 1.1 TfOH (3 mol%) 30 65 0.25 CDCl5 11
14 1 1.1 TfOH (3 mol%) 80 65 0.25 CDCl5 14
15 1 1.1 TfOH (6 mol%) 30 65 0.25 CDCl5 13
16 1 1.1 TfOH (6 mol%) 80 65 0.25 CDCl5 14
17 1 1.1 HCIO4 (3 mol%) 30 65 0.25 CDCl5 11
18 1 1.1 HCIO4 (3 mol%) 80 65 0.25 CDCl5 8
19 1 1.1 HCIO4 (6 mol%) 30 65 0.25 CDCl5 9
20 1 1.1 HCIO4 (6 mol%) 80 65 0.25 CDCls 12
21 1 1.1 PTSA (3 mol%) 30 65 0.25 CDCls 46
22 1 1.1 PTSA (3 mol%) 80 65 0.25 CDCls 48
23 1 1.1 PTSA (6 mol%) 30 65 0.25 CDCls 48
24 1 1.1 PTSA (6 mol%) 80 65 0.25 CDCls 42
25 1 2 PTSA (3 mol%) 55 65 0.25 CDCls 58
26 1 0.5 PTSA (3 mol%) 55 65 0.25 CDCls 32
27 1 3 PTSA (3 mol%) 55 65 0.25 CDCl; 63
28 1 1.5 PTSA (3 mol%) 55 65 0.25 CDCls 64
29 1 2.5 PTSA (3 mol%) 55 65 0.25 CDCls 61
30 1 2 PTSA (6 mol%) 55 65 0.25 CDCl; 68
31 1 3 PTSA (6 mol%) 55 65 0.25 CDCls 63
32 1 1.5 PTSA (6 mol%) 55 65 0.25 CDCls 52
33 1 2.5 PTSA (6 mol%) 55 65 0.25 CDCls 58
34 1 1.1 PTSA (3 mol%) 55 85 0.25 CDCl; 45
35 1 1.1 PTSA (3 mol%) 55 105 0.25 CDCls 50
36 1 2 PTSA (6 mol%) 55 105 0.33 CDCls 50
37 1 2 PTSA (6 mol%) 30 105 0.25 CDCls 59
38 1 2 PTSA (6 mol%) 55 105 0.25 CDCls 44
39 1 1.1 PTSA (3 mol%) 55 65 0.33 CDCls 55
40 1 1.1 PTSA (3 mol%) 55 65 0.17 CDCls 48
41 1 2 PTSA (3 mol%) 30 65 0.25 CDCls 64
42 1 2 PTSA (3 mol%) 80 65 0.25 CDCls 48
43 1 3 PTSA (3 mol%) 30 65 0.25 CDCls; 66
44 1 2 PTSA (6 mol%) 30 65 0.33 CDCls; 66
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45 1 2 PTSA (6 mol%) 30 65 0.33 CDCl 66
46 1 2 PTSA (6 mol%) 30 65 0.25 CDCl 65
47 1 2 PTSA (6 mol%) 55 65 0.33 CDCl 62
48 1 3 PTSA (6 mol%) 30 65 0.33 CDCl 52
49 1 2 PTSA (6 mol%) 55 65 0.33 CDCls 67
50 1 2 PTSA (6 mol%) 55 65 0.17 CDCl 60
51 1 3 PTSA (3 mol%) 55 65 0.33 CDCls 56
52 1 3 PTSA (3 mol%) 55 65 0.17 CDCl 58
53 1 1.1 | PTSA (3 mol%) 55 65 0.25 THF 0
54 1 1.1 | PTSA (3 mol%) 55 65 0.25 DCE 32
55 1 1.1 | PTSA (3 mol%) 55 65 0.25 DCM 38
56 1 1.1 | PTSA (3 mol%) 55 65 0.25 CDCls | 36 (2 hrs)
57 1 1.1 | PTSA (3 mol%) 55 65 0.25 CDCls | 42 (4 hrs)
58 1 1.1 | PTSA (3 mol%) 55 65 0.25 CDCls | 43 (6 hrs)

All yields determined by *H NMR using 1,3-dinitrobenzene as internal standard. SA = sulfuric acid; TfOH =
triflic acid; HCIO4 = perchloric acid; PTSA = p-toluenesulfonic acid. THF = tetrahydrofuran; DCE =
dichloroethane; DCM = dichloromethane.

Table S1. Optimization of reaction conditions.
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Figure S1. Comparison of reactions performed at 20 °C and 65 °C for 6 hours. 400 MHz *H-NMR in CDCl; of
Product 4 with 1,3-dinitrobenzene as internal standard.
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Figure S2. Comparison of reactions performed at 20 °C and 45 °C for 6 hours. 400 MHz *H-NMR in CDCl; of
cyclohex-2-en-1-ol starting material and Product 22.



Product Characterization (spectra):
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Figure S3. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 3.
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Figure S4. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 4.
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Figure S5. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 5.
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T
220

S-8



~0.20
-0.10
=0.05
~0.00

+0.15

~0.30
-0.25

A

] - —

L

?

)

o O

£ \S/m =

o ©

£000

W o
=
o

o't

2670

12.0 115 11.0

30 25 20 15 1.0 05 0.0

3.5

4.0

4.5

5.0

9.0 85

9.5

10,5 10.0

f1 (ppm)

~0.20

+0.15

-0.10

~0.05

~0.00

er's
er's
¥1'S
¥1'5
515
ar's

05’5
€55

P
609
mo
ET'9

SE'D
9E'D
GED
L]

By

L L

L L L L L O O g g P

TR TR

>

-—
—

-

-
—

e

AN

— EZ0y

—]
—= — A

J— ooy

—

51 5.0

5.2

54 53

5.5

5.6

57

59 5.8

6.0

6.1

6.2

6.3

6.5 6.4

6.7 6.6

6.8

6.9

7.0

7.2 71

7.3

7.4

7.5

77 7.6

7.8

~0.020
~0.018

~0.016

~0.014

-0.012

~0.010

~0.008
~0.006
~0.004
—0.002

~0.000

FOoa—

f1 (ppm)

-6-72-product

TE'ETT
mﬁ.m:v‘

TOOET
LVLET~=
am'szt
L) 8T
arezt
S9'BET
FEBET
LEBIT
an'neET
SE'ZET
SEB'SET
9E'9ET
GE'OET
EE'BET

EQ'EIT
f.wmﬁL\‘

-
L

-20

-10

90 80 70 60 50 40 30 20 10

100
f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110
Figure S7. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 7.

220

S-9



—0.40

~0.35

~0.30

~0.25

~0.20

~0.15

~0.10

-0.05

—0.00

0z 4]
1274
T2
[fS
[y
27/
LIS
LIS
S2°4
SE'E
£
LETL]
O£
5574

Br

£57¢

Kk-58-produd

Ph

=

Ph

HN

rd

o o
Product 8

| — -hﬁ Feagof

¥ 90
bk\ POq

= B

T T T T T
11.0 105 10.0 9.5 9.0

115

12.0

—0.40

~0.35

~0.30

~0.25
~0.20
r0.15
~0.10
~0.05
~0.00

e
s
El'G—

E.m&.
1S

)

|

— BB

=

— oy

75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 52 51 50

7.6

f1 (ppm)

~0.030

~0.025

—0.020

~0.015

~0.010

+=0.005
~0.000

£0n9—

Kk-58-produd

T90LT
STEET
EFETT
08421
FOBET
1A
99BIT
EB'BZT
SE'BIT
BOEET
FFEET
LB'EET
FTBET
FEBET

-20

10 -10

90 80 70 60 50 40 30

100
f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110
Figure S8. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz **C{*H} NMR in CDCls of Product 8.

220

S-10



~0.35

~0.30
-0.25

r0.20

r0.15

0.10

~0.05
~0.00

[
[
bE'S
FE'S
¥Z'S
9z's
9z'5
825
0E'S
0E'S

90°9
£0°9
E.oW
e
BE'9
om.ﬁvl
Nv.o*.
€9
e
9L

Xy e —

ae
e
81
s
61
ez i ff
e
zz
£z
£z 2
vz}
s
s2'i4
52'¢1
9z 4]
9]
]
8
98¢
608

ZB-6-60-product

NO,

Ph
/S\

HN.
o
Product 9

=

Ph

i

ey W01
- =X £6°(

I.Jml L6

Fer

= b0

M.T 861

10,5 10.0 9.5 9.0 8.5 8.0 75 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
f1 (ppm)

11.0

12.0 11.5

—0.35

~0.30

+0.25

~0.20

F0.15
—0.10
—0.05
—0.00

2’5
€Z's
b2'S
FZ'5
L)
LTALS
9Z'5
825
OE'S
OE'S

H—h‘%\#ﬂp—-‘

an'g

ho.mM
o797
Z.mu\

8E'9
GE'D
'9
Eb'D

ar
ar
£l
£F
£1
ar
ar
E18

L

[AF\ N

e

EZ'L
EZ'L
P
LA,
G2
524
z'd
9z's
L2

37

7B-6-60-peyduct

U

— a0y

———= | &8

— E

U UL'
i

-

o

—_—
—_

R

82 81 80 79 78 7.7 76 75 74 73 72 71 70 69 68 67 66 65 64 63 62 61 60 59 58 57 56 55 54 53 5.2 51

f1 (ppm)

w = (2] =) (=] =1 = (%] =)
— L) ™~ L) =] o =] (=] =]
(=] =) =) =) =) =) [==] (=] =)
fF ¢ . F ¢ .% ¢ . F . F . ¢

09—
E|DCE

S0'b21

85921

[XATXA |

BE'LZT

Sb'BZT _

95'8z1 ——

08'8z1

ZB-6-60-product

Z06zt
E.mﬂ%
mm.mﬂ\w
bLBET
££OT—
ELfT—

T
-20

T
-10

20

40

70

T
a0

200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
Figure S9. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz **C{*H} NMR in CDCls of Product 9.
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Figure $20. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz 3C{*H} NMR in CDCls of Product 20.
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Figure S21. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 21.
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Figure S22. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 22.

220

S-24



=0.30

+0.25

=0.20

=0.15

-0.10

-0.05
-0.00

KK-100-f17-37

BT
[
BT
61
057
05T
157
157
25T
ES'T
5T

(AR
=8 .

o A
851
657 ﬂ(ll!f
€T

b
(738
am.J
81
681
06T
06T
167
157
26T 1
267 | —_—
261
8€
BLE
BLE
b€
05'E
605
s .
€5

'S —
s

PE'S

PE'S -
5€'S

45

EL'S

PS

bLS

505

9%'s

955

5L,
L= =

Wi
L

Cl

°s
Y
oo

H
N

9

= T
et
= 1531 &4

—— 0]

Eiwn

=107
l“_ml—a.ﬁ

Jlrom_.ﬂ

Product 23

=00e

12,0 11.5 11.0

70 65 60 55 50 45 40 35 30 25 20 15 10 05 0.0

7.5

8.0

9.0 85

9.5

10.5 10.0

f1 (ppm)

-0.30

+0.25

+=0.20

=0.15

~0.10

-0.05

-0.00

LLE
BLE
BIE
BLE e
BLE
08'E
T8E

606~
s Al

TE'S

mm.mw

2E'S e
PE'S hl
PE'S

SE'S

]
ELS
veS
vES ~
545
95
%S

£700 984

KK-100-f17-37

[ S
s =]

[ S
LT -

.n.ﬂ 00T

||||..ﬂ|rlrwls.ﬁ

e

ooz

4.0

4.5

5.0

3.5

6.0

6.3

7.0

7.5

8.0

f1 (ppm)

+0.020

+0.015

+0.010

~0.005

~0.000

mm.mHL.\u
S5'FE—
EETDES,

SE b=

E[000 91142

L8921
PERZT
05621~
zrzer’
90 GET~
At

KK-1-100-produc

A

T
-20

T
-10

20

40

70

T
a0

210 200 190 180 170 160 150 140 130 120 110 100
fL (ppm)
Figure S23. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 23.

T
220

S-25



+-0.25

r0.20

+0.15

r0.10

+-0.05
0.00

I

\._A_.___i___

-zoe
=107
= Loz

=007

08°£

KK-104-f11-36

a8l
881
88T
881
BAT
68T
06T
06T
06’1
06T
TeT
6T
61
PEE
¥LE
SLE
SEE
9UE
9E
LEE
SHE
bl
6k
0E'S
TE'S
TE'S
ZE'S
ZE'S
EE'S)
EE'S
FES
PES
SE'5]
0467
045
146
1467
[
€45
EL5
ELS
bES
PEST
5467
LUER
96'9 1

3

OCH,

T

N.g

g
Product 24

=-10€

) M‘..

— T G

=00t

—=66'0

~ELlE

Foos

L =
=1
| 1
=}
—
—
L v
—
L <
]
L
]
L=
o
L
o
L=
prg
L
=+
L2
T
L
"~
E
&
=N
L2~
X =
L
=]
LS
~
L
P~
LS
o
L i
@
LS
o
L 1
o
=]
Fa
-
n
Fa
~—
]
)
—
n
=]
o]
e

-0.15

~0.10

—0.05

KK-104-f11-36

[ .
1o~ ™
0E'G

1€

166

ZE'S

ZES

EE'S -
EE'S —
PE'S

PE'S

SE'G

05

06

15

146 T
s

s

E£S

E£G

PG

PG

55

L R —

-

969" -

[

=" se0

== Lot

=== e

= oz

ot N

ooz

4.8 4.6 4.4 4.2 4.0 3.8

5.0

7.6 74 7.2 7.0 6.8 6.0 6.4 6.2 6.0 3.8 3.6 5.4 3.2
f1 (ppm)

7.8

-0.020
~0.018

~0.016

~0.014

-0.012

~0.010

~0.008
+~0.006
~0.004
~0.002

+0.000

0k

T&85—

TERTT—

BT 2T~
07621 —
19161 —
oger"

EgZoT—

KK-1-104-product

RSN\ IS

T
-20

T
-10

20

70 40

210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)
Figure S24. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 24.

T
220

S-26



~0.6

0.5

r0.4

r0.3

KK-84-f5-27-product

(53]
55T
95'1
51
ST
851
85T
651
65T
097
097
197

91 ﬁ
BT

am.—HM.

[Ta%
56T
561
961

N

96T
96T
@1
bEE
S8'E
SBE
9'E
9g'E
6y
b6'b
9E'S
LE'S
€5
BE'S
BE'S
'S

[T
bi'S
08's
08's
s
s
s
s
ER'S
ER'S
'S
ESY
PaL
baL
WL
e

Cl

SRR T e

BT
m:wﬁ
[TRE

Cl

]

Product 25

—E0T

860

k0T

=por

oot
=10z

1.0 0.5

1.5

2.0

2.5

3.5

4.0

T
5.0

T
5.5

f1 (ppm)

6.0

6.5

7.0

T T T T T T T
95 90 85 80 75

12.0 11.5 11.0 10.5 10.0

0.6

0.5

0.4

=0.3

0.2

0.1

F0.0

£10dD 9%

KK-84-f5-27-product

vEE

vaE

SEE

Sa'E .
o5g Al
95

I8

BE

b
66— ~
9’5

9’5

5

5

BE'S

BE'S -
GE'S =
6E'S

'S

'S

645

645

0’5

0’5 .
195 ~
195

5

8’5

£9'5

£9'5

PE'S

£5¢
be W. —_—
bee

9L

jh'

5.0

EDT

850

=

—F0'T

oot

—

&Ld

—T1oE

4.6 4.4 4.2 4.0 38

48

5.4 3.2

3.6

X
1]

7.6 7.4 7.2 7.0 6.8 6.6 6.4 6.2 6.0

7.8

r0.05

~0.04

~0.02

~0.02

~0.01
~0.00

mm.m.ﬁk\
ESbE—
mm.om./

B b

f1 (ppm)

2621~
prazT="

BE'ZET
ﬂm.mmﬁv
OT9ET—"

)

KK-84-f5-27-carbon

20

40

70

T T
130 120

T
140

T
160

T
170

T T
210 200

T
220

f1 (ppm)

Figure S25. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 25.
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Figure S27. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 27.
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Figure $30. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 30.
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Figure S31. 400 MHz *H-NMR in CDCls (full and zoom-in of aromatic region) and 101 MHz *C{*H} NMR in CDCls of Product 31.



Table S2. Biological evaluation of compounds 3-31 (50 uM) at 24-hour incubation time using CellTiter-Blue.

Compound H293 A549 HDF
DMEM media DMEM media DMEM media

3 102.8 £+ 6.7 77.7+9.3 85.4+4.0
4 76.8 £3.3 948 +11.5 82.8+2.0
5 75.6+5.4 96.1+5.8 82.0+2.0
6 85.9+24 95.1+14 77.2+0.1
7 449+10.8 48.2+8.4 41105
8 472+1.5 37.2+6.9 49.4+538
9 63.5+0.2 65.9+6.7 52.3+8.3
10 76.1+4.4 78.1+4.2 70.0+1.2
1 75.2+35 71.5+125 68.3+1.7
12 64.3+1.3 774 +154 55.6 £10.2
13 69.0+4.9 55.3+3.3 524 +94
14 89.7 £10.7 74.0+15.6 789+1.3
15 88.9+28 61.6+2.0 56.8 + 8.5
16 87.6+5.7 83.9+53 81.1+05
17 91.3+35 89.6+34 83.9+125
18 91.5+44 64.1+£3.7 69.4+24
19 97.2+95 65.4 £ 16.0 71.9+13.4
20 58.8+1.2 65.5+14.2 48.8+0.1
21 94.4+9.0 78.0+23 79.2+1.6
22 89.3+15 90.2+6.3 76.0 £ 10.5
23 64.4+0.9 547 £15.1 51.9+0.9
24 94.1+6.5 85.0+19.4 725+0.3
25 79.3+3.8 66.9 £ 5.1 62.2+0.9
26 105.8 +4.2 86.2+6.9 81.4+58
27 99.9+0.9 69.1+8.5 78.1+1.2
28 102.2+1.5 77.8+19.2 85.7+6.7
29 93.7+3.5 82.6+4.3 70.3+24
30 96.0 + 2.1 71557 83.8+3.3
31 88.0+4.0 71.3+56 61.4+12.1

DMSO 100.0 £2.3 100.0 £5.0 100.0 £ 0.5
+C 59.0 £ 2.8 48.5+6.0 55.6 +2.6

Values displayed are percent of DMSO control (POC). All values (%) against cell lines were obtained as an average of duplicate measurements (standard deviations also
displayed calculated at 85% CI by Microsoft Excel) via the CellTiter-Blue (Promega) assay at 50 uM (24 h) in the described cell media. Lower values of POC indicate stronger
hits. POC values below 25% of inhibition based upon positive control are highlighted in red. A combination of 1.5 uM rotenone, a known OXPHOS inhibitor, and 10 mM 2-DG
(a known glycolysis inhibitor) is used as positive control to determine maximum inhibition. DMSO serves as the negative control.
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Table S3. Biological evaluation of compounds 3-31 (25 uM) at 2-hour incubation time using CellTiter-Glo.

Compound H293 H293
Minimal media Minimal media
plus glucose plus glutamine

3 87.2+1.8 28.6+2.3
4 849+3.38 17.1+0.9
5 85.5+5.8 18.6 £ 0.1
6 93.7+28 31.1+1.8
7 69.3+8.3 13.6+0.1
8 83.5+3.3 185+ 1.1
9 78.7£0.1 20.0+0.3
10 953+52 19.8+0.3
1 979+16 24.3+0.1
12 849+0.8 182+15
13 87.2+12.7 19.8+1.5
14 77.4+6.1 18.5+0.2
15 82.3+22 33.6+0.5
16 84.0+1.2 35.6+0.7
17 76.1+1.2 17.0+1.2
18 92.1+4.0 529+ 15.2
19 93.2+0.3 33.0+4.7
20 66.7 £5.2 16.8+0.2
21 96.9+0.3 86.2+1.2
22 93.9+26 91.0+ 111
23 75.6+4.4 55.4 +21.4
24 92.0+59 76.8+1.3
25 57.7+14.4 17.7+4.2
26 944 +04 85.7+3.2
27 96.7+7.7 947 £6.7
28 96.2 +3.3 91.3+0.9
29 89.7+26 75.8 +26.7
30 98.0+4.0 100.3+ 1.7
31 731122 51.7+15.2
DMSO 100.0 £1.8 100.0 £+ 6.1
Rotenone 80.6 +3.3 16.4+1.9

Values displayed are percent of DMSO control (POC). All values (%) against cell lines were obtained as an average of duplicate measurements (standard deviations also
displayed calculated at 85% CI by Microsoft Excel) via the CellTiter-Glo (Promega) assay at 25 pM (2 h) in the described cell media. Lower values of POC indicate stronger hits.
Rotenone, a known OXPHOS inhibitor, is used as positive control to determine maximum inhibition in “minimal media + glutamine”. POC values below 25% of inhibition based
upon positive control are highlighted in red. DMSO serves as the negative control.
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Figure S32. Luciferase inhibition assay using compounds 3-31 (50 uM, 10 min exposure; CTG). Exogenous ATP was added to wells

containing the compounds (no cells were used). Values are shown as percent of DMSO control (POC).
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