The Development of Natural Products as Phytotoxic Leads for Herbicide

Discovery

Mairi M. Littleson

October 2017



The Development of Natural Products as Phytotoxic Leads for Herbicide

Discovery

Supporting Information



'H NMR 139.

139

o

2.06<

2281

5.78T
3.39=

T
10.0 95 9.0 8.5 8.0

13C

NMR 139

139

_~198.41
™~-197.42

65 60 55 50 45 40 35 3.0
f1 (ppm)

2.5

—~27.81

X

26.67
25.52

T~-20.84

0.0

T
200

T
190

T
180

T
170

T
160

T
150

T
140

T
130

T
120

T
110

100
f1 (ppm)

90

80

T
70

80000

75000

70000

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

r-5000

-1.0

r1E+05

90000

80000

70000

60000

50000

40000

30000

20000

10000

-10000



'H NMR 140.
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'H NMR 141.
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'H NMR 142,
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'H NMR 144a.
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'H NMR 144b.
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'H NMR 144c.
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'H NMR 144d.
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'H NMR 144e.
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'H NMR 144f.
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'H NMR 144g.
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'H NMR 144h.
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'H NMR 144i.
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'H NMR 144;j.
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'H NMR 144k.
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'H NMR 1441.
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'H NMR 144m.

9000

8000

7000

6000

5000

4000

3000

2000

1000

YT
9T
8T'T

66T
9T
L
ST
97
89’7
697
wn 1
€1
[as
LT
9T+
LT
€67
wwﬁu
96T
66'T

00z}
07z
YTT-L

69T
7

we—p
vz’

Tee
mm.mw
vE'E

0€'9 —

89°L —

HO2C/©

144m

A

0T

FC0T

-1.0

1.0 0.5 00 -05

1.5

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20
f1 (ppm)

10.0

13C NMR 144m.

800
r750

700

650

600

550

500

450

400

350

300

250

200

150

100

r50

r-50

€5°ST —

81—
srse—
sg'se

vz
g7e
09'9€ —

TL68 —

16T —

vTEeT
8Teel

os'ger
brPT

EP'IST —

9T —

€8°9LT —

2907 —

$

HO,C

144m

-10

200 190 180 170 160 150 140 130 120 110f 100 9 8 70 60 50 40 30 20 10
1 (ppm)

210



'H NMR 144n.
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'H NMR 144o.
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'H NMR 144u.
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'H NMR 144v.
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'H NMR 144w.
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'H NMR 144x.
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'H NMR 144y.

o © © © © © © © 9 9 o o 9o o o o o
g 8 &8 8 8 8 8 8 8 8 8 8 8 8 8 8 o S
3 8 3 8 3 &8 B & B &8 ®B & B &8 @B & 38 2
@ @ ~ ~ © (=} n wn <+ < el 52} o~ o~ — — wn o 0
1 h h L I I 1 1 h h | | h h 1 1 1 I h
vTT
wﬁw FTE
8TT
69
e j
ET—F = sty
mZ\
9%t
9€e
g€ .
mm.mw - 98T
6€E
P09~ _ .
009> = =507
869
66'9
66'9
00,
e
QEW =007
0zL — = 96T
1l =007
8L
wie .
mE/ - W,\Mm,o
wN.NN 60

Qo >

3
3
z
I
o

Cz
o
I

-1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

10.0

13C NMR 144y.

600

550

500

450

400

350

300

250

200

150

r100

50

r-50

£5°6T—

1097 —

8’8 —

19'9€ —

9'7s —

9L'sTT
98'sTT

69'921 \
recerty
8T'ZET \
£5°€€T

S9'8ET \
OT'6€T

e
£8'TST —

15991 —
8TLT—

16'90C —

144y

-10

200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10
f1 (ppm)

210



'H NMR 144z.
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'H NMR 144aa.
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'H NMR 144ab.
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'H NMR 144ac.
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'H NMR 144ad.
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'H NMR 144ae.
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'H NMR 146.
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'H NMR 148.
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'H NMR 149.
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'H NMR 56b.
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13C NMR 56b.
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13C NMR 56a.
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13C NMR 43.
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13C NMR 43a.
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13C NMR 10b.
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13C NMR 10c.
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13C NMR S10e.
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13C NMR 10e.
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13C NMR 152h.
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13C NMR 12a.
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13C NMR S12b.
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13C NMR 12b.
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F NMR 152i.
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'H NMR 157.
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'H NMR 9b.
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'H NMR 159.

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

STT
@1
62T
T
1

o'
1
w1
871
87
057
157
€57
£9°7
49T+
997
197
897
691
6917
€81
v8T
81
1
81
S0z
e
€0'e
vo'€
o€

68'C
06°¢
16'¢
[4x
m~vw

T

L

STy
oT'h
9Tt
Ty
8Ty
8T'h
61
61y
43
oy
sS4
ST
91's 4
81’5 4
81's 4
125
12's
s
s
s
v2's
v2'S
v2's
sT's
9z’
92’
2z's

€€°S
ws
ws
vLS
vLS
SIS
9UL's
8L'S
8L'S
L8'S

6'S
(438
¥6'S
96°S

EtO,C

159

800

600

400

200

16°€
(<23 #
€6 —
¥6'E 7
S6°€ *
96°€

3.9 3.8 3.7
f1 (ppm)

4.0

4.1

L

| umh . L

AR

Yy

EI10°T

E8¥'T

Het
Toot

--1000

-1.0

00 -05

0.5

1.0

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0
f1 (ppm)

6.5

9.0 8.5 8.0 7.5 7.0

9.5

13C NMR 159.

17000
16000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000
3000
2000
1000

ro

r-1000

STYT—

YT —
Sb'6T
0L'6T
TE0e
L¥'0E

06'SS
86'SS V
8119 —
¥6'0L
8T'1L V

6EVL —
6LYvL 7

86'9TT
80°LTT >
S0z~

0L TET ~
SE'9ET
6£'9ET

86041~
£6°€LT
seer1

L

I

Et0,C

159

:

-20

-10

60 50 40 30 20 10

70

o
=)

210 200 190 180 170 160 150 140 130 120 110 100 90
f1 (ppm)

220



'H NMR 162.
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'H NMR 164.
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'H NMR 165.
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'H NMR 166.
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'H NMR 170.
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'H NMR 172.

11.51

S BIRRIARRARCONSKERRNRRARAARITLI®VES 7500
IN

7000
6500
o, 6000
5500

co;'H
172 5000
4500
4000
3500
3000
2500
2000
1500

1000

500

£ 4 "%

17
9%
0
&

3.16L

7 6
f1 (ppm)

13C NMR 172.

214.42
172.20
146.57
132.18
50.07

PR F1E+05
|

93
11.26

r1E+05
o, F1E+05

H F1E+05
COM

172
90000

80000
70000
60000
50000
40000
30000
20000

10000

-10000

220 210 200 190 180 170 160 150 140 130 120 110 100
f1 (ppm)



'H NMR 173.
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'H NMR 174.
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'H NMR 179.
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'H NMR 181a.
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'H NMR S181b.
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'H NMR 181b.
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'H NMR S181c.
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'H NMR 181c.

7000

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500

181c

E00'T

=180
80

0.0 -0.5 -1.0

0.5

1.0

95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20
f1 (ppm)

10.0

9000
8000
7000

6000

5000

4000

3000

2000

1000

o' 1T
SPIT Wn
1711
69°ST
g5
PE'ST W
T¥'ST
W —
76'9¢€

6L°LE
[4%:1
0z'8¢
798¢

¥6'6v —

99°9§
£8°9S >

09°9€T
PILET AN
VELET

r'891
€9'891 v

ST —

[Uaar4
EPPIT v

13C NMR 181c.

181c

-10

200 190 180 170 160 150 140 130 120 110 f1%oo X % 8 70 60 50 40 30 20 10
ppm

210
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'H NMR 181d.
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'H NMR 182a.
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'H NMR 182b.
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'H NMR S182c.
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'H NMR 182c.
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'H NMR 184f

19000
18000
17000

16000

15000
14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

ro

r-1000

560
90
86'0
00'1

ST
e
87T
87T
62T 1
0e'T
€7
€57
ST
5T
95T
95T
£5'T
65T
65T~
vo'e

<07\
507
907
904

107
207

T

807
807
6074
607
o1’z A
e

zrzd
veE—

6Ly
08'%
87
f4:44
16t
({24
€6’y

£6%
99
SL'9
LL9
€0°L
v0'L
$0'L
S0°L
S0°L
90,
T€L

ve'L
SE'L
LE°L
8€°L 7

’.L—

Tsot
Foot

=00'¢

=590
=670

620
090

960

6T
60

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05
f1 (ppm)

9.5

13C NMR 184f

1800

1700
1600

1500
1400

1300

1200

1100

1000

900

800

700

600

500

400
300
200
100

r-100

8L1T

S6°TT V.
8YT—
€9°ST 7

SE'ST~
0897
90'8€

60'8€ v

65'5s
e S
905/

L9211
6021t
ET8TT~
86811~

9L'6TT —
9G'GET
T9'SET V.

86'65T —
S§'£9T
8L'L9T v

8E'SLT~
1601~

220 210 200 190 180 170 160 150 140 130 ¢ %20 ) 110 100 90 80 70 60 50 40 30 20 10
1 (ppm

230



'H NMR 184g.
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'H NMR 184h.
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'H NMR 184i.
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'H NMR 184;j.
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'H NMR 184k.
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'H NMR 184l.
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'H NMR 184m.
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'H NMR 184n.
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'H NMR 184o.
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'H NMR 184p.
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'H NMR 184t.
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'H NMR 184v.
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'H NMR 187.
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'H NMR 189.
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'H NMR 190.
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'H NMR 192.
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'H NMR 193.

2 < BERRRRTYIRGEES
g & 3333053333338
Te——
I
\kwaoc
MeO
193
|
. _—J’M
- ) T
8 3 838 8
3 3 3g3 2
T T T T T T T T T T T T T T T T T T
9.5 9.0 8.5 8.0 7.5 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 -0.5
f1 (ppm)
13
C NMR 193.
S 8 = N Cowone ¥
M g 3 i 2R2IRe 3
5 a 8 3 [RREIR =
NSNE
o
jNHBOC
Meo
193
I
| |
A | Aebboenarh
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 90 80 70 60 50 40 30 20 10 -10

100
f1 (ppm)

40000

38000

36000

34000

32000

30000

28000

26000

24000

22000

20000

18000

16000

14000

12000

10000

8000

6000

4000

2000

-2000

15000

14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000




'H NMR 194,

o

NHzHCI
194

3.85

2.94=

65000

60000

55000

50000

45000

40000

35000

30000

25000

20000

15000

10000

5000

-5000

100 95

13C NMR 194.

o

NHHCI
MeO’

194

169.75

0 45 40
f1 (ppm)

T
3.5

3.0

53.64

—39.29

—30.88

2o 3.00=

™-19.85
—13.49

—~21.00

0.0

-0.5

-1.0

[ 14000

13000

12000

11000

10000

9000

8000

7000

6000

5000

4000

3000

2000

1000

r-1000

~-2000

T T T T
210 200 190 180

T
170

160

T
150

T
140

T
130

120

T
110

100
f1 (ppm)



IH NMR (()-CMA) (5).
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'H NMR 195b.
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'H NMR 195c.
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'H NMR 195d.
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'H NMR 195e.
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'H NMR 195j.
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'H NMR 195k.
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'H NMR 195n.
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'H NMR 195p.
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'H NMR 195q.
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'H NMR 195s.
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'H NMR S196d.

2000

1900

1800

1700

1600

1500
1400

1300

1200
1100
1000
900
800
700
600

500

400

300

200
100

r-100

ST'9

T

’
S,

an

o]

MeO.

S$196d

EEV'E

Fo61

0.0 0.5 -1.0

85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05
f1 (ppm)

9.0

9.5

13C NMR S196d.

r1E+08

1E+08

9E+07

[ 8E+07

7E+07

[ 6E+07

[ 5E+07
r4E+07
3E+07
2E+07
r 1E+07

r-1E+07

EVTIT —
ey
£8'b7

1€ /
ez

60'82

ez
989
'8~
sogg
Ses
2575

€8'SET
99°LET A\
E€L1LET

9€'691
15°69T
og1e1"

TEPIT
mm.sz

I

’
S,

(o]

MeO.

S$196d

-20

-10

210 200 190 180 170 160 150 140 130 120 110 ¢ %00 ) 90 80 70 60 50 40 30 20 10
1 (ppm

220



'H NMR 196d.

6500

6000

5500

5000

4500

4000

3500

3000

2500

2000
1500
1000

60
960
960
260
160
007
107
107
207 4
£0'7
b0'T
9T
R.L
82T+
67T
PET A
SET
9€'T ]
9T
8€'T
66T
b7 4
Bas
w14
w1
ev'1 4
sv'1 4
i
9’1
LT
8v'T
8T
6b'1
0s'T
ST
€57
£S°T
bS'T
SS°T
95°T
95°T
5T
85°T
65T
091
97
€97
S9'T
99'T
97
89'T
69'T
69’7
24
[

1000

Pl

500

T O

SLT
L7
o
L
96T
96T
L6'T
86T
007
007
8Tz
0Tz
x4
9€Z
LET
8EZ
6v'
6"
157
S6'7
&9
0€9

159
099

—00°T

HO.

5 630 625 620 6.5
f1 (ppm)

6.3

196d

= €60

= Fvot

9.5 9.0 8.5 8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.5  -1.0
f1 (ppm)

10.0

13C NMR 196d.

r1E+05

r1E+05

r1E+05

r1E+05
90000
80000
70000
60000
50000
40000
30000
20000
10000

r-10000

or'TT
A W
bt
LLYT
9€'LT /
66°LT /
678 W
bE'8T
€L79€ ~

17°8¢E
65°8€

8’61
6861

64°9ET
96'9€T
sozer/

6€°0L1
per0cT >
LV —
w51

om.iN
Ly'vTT v.

T O

HN
196d

H
J

-20

-10

210 200 190 180 170 160 150 140 130 120 110f %00 )90 80 70 60 50 40 30 20 10
1 (ppm

220



'H NMR 196e.

4000

3500

3000

2500

2000

1500

1000

500

€5C

819

619
0z'9
€79
vZ'9
vZ'9
sT'9

S€'9

E

HO.

196e

J

860
E£6'0

95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 05 00 -05 -1.0
f1 (ppm)

10.0

13C NMR 196e.

24000
23000

22000

21000

20000

19000
18000
17000
16000
15000
14000
13000
12000
11000
10000
9000
8000
7000
6000
5000

4000

3000

2000

1000

r-2000

€871

1S°€T
$E

L6'LT
80°6T
€€°9€
0b'9€
8b'9€
S8°0

om.?%

ey
j24:i4 v

L8'SET
6T°LET /

TTLET W‘
SP'LET

1ozt

E9UT X
SLUELT-F
wm.wD 7

oﬁoﬁ
oﬂ.:Nv

T

HO.

196e

-20

-10

210 200 190 180 170 160 150 140 130 120 110f1oo 90 80 70 60 50 40 30 20 10
1 (ppm)

220



'H NMR S196f.
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IH NMR 196f, isomer 1.
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IH NMR 196f, isomer 2.
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IH NMR 196d, isomer 1.
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IH NMR 196d, isomer 2.
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