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High-throughput Natural Products Chemistry
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| “Who Will Get You There Quicker:
'\ -~ FredFlintstone or George Jetson?”

b N
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High-throughput Natural Products Chemistry

Sequoia Sciences, Inc.

Hanna-Barbera Productions of
animated prime-time half-hour
sitcoms

Aired: 1960 — 1966

Aired 1962 — 1963
again from 1985 - 1987

First program ever to be broadcast in
color on ABC-TV

SEQUOIA




High-throughput Natural Products Chemistry

Our Principal Characters

Fred Flintstone George Jetson
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High-throughput Natural Products Chemistry

Our Principal Sample Tubes for NMR

5 mm Smmand3mm 3 mm CapNMR 1.7mm 1mm
Shigemi Tubes (sort of)
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High-Throughput Natural Products Chemistry

Sequoia Sciences’ Plant Collection




High-Throughput Natural Products Chemistry

Move to Miniaturize

pras ¢
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1mL  100uL 10 puL

¥
1L 100 mL 10mL 1mL
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High-throughput Natural Products Chemistr
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CapNMR Probe vs. Conventional 5mm Probe (3mm Tube)

S0 micrograms Muristerone A in 200 microliters MeOD HO.
{15 micrograms in active volume)
Smm BBl Probe {using 3mm NMR tube) HO.

OH
HO

Conventional N H 600 MHz
5-mm Probe "

| oo

—__

kL LLML‘UIM&,JLu L_..._.__

T T T T T T T T T T 1
65 5.0 55 50 4.5 4.0 35 30 25 20 1.5 1.0 05 ppm

2 microgramsimicroliters Muristerone A in MeQD
{3 micrograms in active volume)
MicroFlow Probe

CapNMR Probe
600 MHz

J 1 VR (RN T i

T T T T T T T T T T T 1
65 6.0 55 5.0 4.5 4.0 35 30 25 20 1.5 1.0 05 ppm
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High-Throughput Natural Products Chemistr

CapNMR Probe vs. 3mm MicroCryoProbe (2001)

1.5 microgram Ginsenoside Rc in MeOH,d4

3 mm MicroCryoProbe ( 20 min. Acg. 512 scans)

i A

CapNMR Probe (5 min. Acquisition 64 scans)

e, MLWWQ\WWM.MM‘LMWWw MLAM. w MUV

T 1
-0 1.5 1.0 Prm
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10 ul gas tight syringe
mini-tube




High-Throughput Natural Products Chemistr

Sequoia Sciences, Inc. — Compound Storage
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High-throughput Natural Products Chemistry

CapNMR™ Probe

25 ng Lovastatin in MeOH,d,

5mm TXI probe @ 900 MHz
25 pg in 550 pL MeOH,d4

CapNMR probe @ 600 MHz ﬁ)ko
25 ug in 8 uL MeOH,d4; Infuse 5 uL

NSV YN

@5 90 85 80 75 T0O 65 60 55 50 45 40 35 30 25 20 15 10 ppm
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CapNMR™ Probe

= ELSD _ (O] x|

-0

Retention Time

0.001

2

0.000 4

Lsn

-0.001

——T——
14

« Amount isolated: 4 pug.

e Dilute with 7ulL MeOD
e Infuse 5 puL
e Center in flow cell with 7 uL

15 ppm
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High Throughput Natural Products Chemistry?
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SepFraction 18037 JML\ J

L N
9.5 9.0 8.5 8.0 7.5 7.0 6 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 ppm

SepFraction 18035 u

L L N A R
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 ppm

SepFraction 18034

) ol ,L

R D T T R A |
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 25 ppm

SepFraction 18033 t
JVL VAN A A

L L D D L I 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 25 ppm

SepFraction 18032 UM
jul I

R L L R |
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 m
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High-Throughput Natural Products Chemistr

Bruker TClI 1.7 MicroCryoProbe

1.7 mm MicroCryoProbe
2 ug 13 ul MeOH,d4

64 scans
_Jb( L WMNW

S B R I e S AR A BN pren S A
95 0. 85 8. 7. 70 65 6.0 55 50 45 40 3. 30 25 20 15 10 ppm

CapNMR Probe
2 ug in 6 ul MeOH,d4

1024 scans

L R I I B H
95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0 ppm
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High-Throughput Natural Products Chemistr

Bruker TClI 1.7 MicroCryoProbe

’ HSQC
L UL Ml ak ppm o

10 pg in 14 ul MeOH,d4

1 hr Acquisition o b




High-Throughput Natural Products Chemistr

TCl 1.7 MicroCryoProbe Tubes, Sample Prep and Solvents




High-Throughput Natural Products Chemistr

Sequoia’s First Sample Acquired TCIl 1.7 MicroCryoProbe
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15 ug, 2 HPLC collections before screening



High-Throughput Natural Products Chemistr

Sequoia’s First Sample Acquired TCIl 1.7 MicroCryoProbe
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High-Throughput Natural Products Chemistr

Bruker TClI 1.7 MicroCryoProbe

‘ | ppm
. - 20
,ul ' - 40
g-HMBC .
(Long Range Proton-Carbon Correlation) 1::
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- 200
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9 8 4 3 2 1 0 ppm
(Acquisition Time = 13 hrs.)
| CapNMR Probe
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New Sequoia SepFraction
Generation Protocol
With TCl 1.7 MicroCryoProbe
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High-Throu

SepFraction 18517 in MeOD (1 mm Tube)

I

hput Natural Products Chemistr

Bruker TClI 1.7 MicroCryoProbe

N

L I I
7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 15 1.0 ppm
SepFraction 18511 in MeOD (1 mm Tube)

L N
7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 35 3.0 2.5 2.0 15 1.0 ppm
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Natural Products for Drug Discovery

NMR Data Acquisition Experiments (All Standard)

e Proton

Gradient COSY

ROESY / NOESY

Gradient HSQC
e Gradient HMBC

NMR Data Acquisition Concerns

e With extra sensitivity and working at ug amounts, problems?
e Pushing the limits of concentration — lineshape and resolution

e Fixed amount of NMR time, what gives?

e Time vs. NS vs. Time domain points (TD1) in F1




Solvent, Mini Tube and Pipette Impurities

TCl 1.7 MicroCryoProbe

+ 20 Mini Tubes washed with B

EXPNO 1
- PROCNO 1

Meo H’ drled F2 - Acquisition Parameters
Date_ 20100907
Time 14.41

° S I -_— 13 L M O D I INSTRUM spect
amp e u e on y PROBHD 1.7 mm CPTCI 1

PULPROG zg
TD 65536

Imm NMR Tube
NS 16
DS 2
SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 2048
DW 52.000 usec
DE 6.00 usec
TE 298.0 K
D1 1.29999995 sec
TDO

P1 5.00 usec

PL1 1.00dB

SFO1 600.1329316 MHz
F2 - Processing parameters
Sl 32768

SF 600.1300019 MHz
EM

WDW

SSB 0

LB 0.50 Hz
GB 0

PC 2.00

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
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Solvent, Mini Tube and Pipette Impurities

TCl 1.7 MicroCryoProbe

* 20 Mini Tubes washed with Gurrent Data Parameters

EXPNO 1
M PROCNO 1

Meo H, drled F2 - Acquisition Parameters
Date_ 20100907
Time 14.41

° Sample -13 l"'L MeOD only INSTRUM spect

PROBHD 1.7 mm CPTCI 1
PULPROG z9

1 NMR Tub Sowvent %Y

m m u e SOLVENT MeOD

NS 16
DS 2
SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 2048
DW 52.000 usec
DE 6.00 usec
TE 298.0 K
D1 1.29999995 sec
TDO 1
======== CHANNEL f1 ========
NUC1 1H
P1 5.00 usec
PL1 1.00 dB

F2 - Processing parameters
S| 32768

SF 600.1300019 MHz
WD EM

SSB 0

LB 0.50 Hz
GB 0

PC 2.00

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm
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Solvent, Mini Tube and Pipette Impurities

TCl 1.7 MicroCryoProbe

* 11 Pipette tips washed with
MeOH, dried

e Sample — 13 uL MeOD only
1 mm NMR Tube

an 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.0

tSEQyQ,!A

Current Data Parameters
NAME SF_Pipettips
1

EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20100907

Time 14.55
INSTRUM spect
PROBHD 1.7 mm CPTCI 1
PULPROG z9

TD 65536
SOLVENT MeOD

NS 16

DS 2

SWH 9615.385 Hz
FIDRES 0.146719 Hz
AQ 3.4079220 sec
RG 2048

DW 52.000 usec
DE 6.00 usec

TE 298.0 K

D1 1.29999995 sec
TDO 1

======== CHANNEL f1l ========
NUC1 1H

P1 5.00 usec

PL1 1.00 dB

F2 - Processing parameters
Sl 32768

SF 600.1300019 MHz
WDW EM

SSB 0

LB 0.50 Hz

GB 0

PC 2.00




Solvent Reduction — Compromise the Shims

TCl 1.7 MicroCryoProbe

25 pgin 12 pl. MeOD
Good shims?

90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 ppm

155%19!4‘3.




Solvent Reduction — Compromise the Shims
TCl 1.7 MicroCryoProbe

7.10

Manual Shimmed

7.05 7.00 6.95 6.90

Gradient Shimmed

6.85

6.80

6.75

6.70

6.65

ppm

7.10

7.05 7.00 6.95 6.90

6.85

6.80

6.75

6.70

6.65

ppm

Start Shims
[ T 71T T 71T T T T T T 1T 1T 1T T T
7.10 7.05 7.00 6.95 6.90 6.85 6.80 6.75 6.70 6.65 ppm




High-Throughput Natural Products Chemistr

NMR Acquisition — Time to Completion - NS

20 ug C712 (MW=494) in 13 pL MeOD - 1 mm Tube
HMBC

T
150 F1 [ppm]

T
160

T
170

T
180

T
180

24 22 2.0 18 16 14 12 1.0 F2 [ppm]
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High-Throughput Natural Products Chemistr

NMR Acquisition — Time vs. Digital Resolution

, *18 pug.in13 pL
20- . | .- * 1 mm Tube
404 { § p " 0 ,E

, ) 'n' E ) o I
60+ BT o
| | L , TD1 =100
60 | | VS.
| TD1 =200
100- , N T A .

: 0 AQ =12 hr.
120 " | or 23 hr?

1 8 i 00 | P vl é \

140 - | ” | ﬁ
0 ;
160
& ' Q 55 ﬂ
180 '




High-Throughput Natural Products Chemistr
NMR Acquisition — Time vs. Digital Resolution

T
F1 [ppm;

170

TD1 =200

TD1 =100

180

190

200

‘ . . . . T . . . ‘ ‘ . . . . T . . . ‘ ‘ . . . . T . . . ‘ ‘ ‘ . . .
5.0 45 4.0 35 3.0 25 2.0 F2 [ppm]
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High-throughput Natural Products Chemistry

Sequoia Sciences, Inc.

5 mm 3mmand 5mm 3 mm CapNMR 1.7mm 1mm
Shigemi Tubes
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High-throughput Natural Products Chemistry

Move to Miniaturize
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High-throughput Natural Products Chemistry

Move to Miniaturize




High-throughput Natural Products Chemistry

Move to Miniaturize
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High-throughput Natural Products Chemistry

3mm MicroCryoProbe (2001)

5mm BB Inverse Probe TN
30 min . Acquisition Time N ’
Me O /N\ N
! I\ H
Me O I}l N\/\CN
51 pg. 4 Me O

e e e e R
100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 ppm

3 mm MicroCryo Probe
45 sec. Acquisition Time

_ JL MUUL, . WUWLJMM\

R R e Y Y e Y Y e Y e Y e S
10.0 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0 25 20 15 ppm
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High-throughput Natural Products Chemistry

Sequoia Sciences, Inc.

State-of-the-art
NMR Probe
Technology

L

(@)
BRUKER
(>

600
UltraShield™

Taxonomically
Diverse Plant
Collection

Parallel Purification
Technologies




High-Throughput Natural Product Chemistry

CapNMR™ Sample Recovery

Sample: 6 ug of Muristerone A Recovery: Measured by
in 3 pL of Methanol-d, NMR Peak Area

Final Sample

o \ 95% Recovery
b ﬁgw ’L * 3 ulL Injected
§

| J . MWMMJ e Collected into Mini Tube
5.0 05 10 35 30 2.5 200 18 [ J Dried
e Re-Diluted
\ e Re-Injected

L &%muu Initial Sample

T T T
3.0 2.5 1.0
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