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Methods

General synthetic methods for MMFs

Acylated meldrum’s acid & methanolysis

Method A
O OH O
0 Pyridine (2eq) N MeOH o O
+ (@] R (@]
R)ka 0°C to 1t, DCM reflux 3 hours RMO/
(e} (@] (@] (@]

In a flame-dried round-bottomed flask equipped with a stir bar, meldrum’s acid (1 equiv) was
dissolved in dry DCM (0.08 M). The solution was cooled to 0 °C in an ice bath and pyridine (2
equiv) was added. The solution was allowed to stir for 10 minutes. Acyl chloride (1 equiv) was
added dropwise. The solution was allowed to stir for 1 hour at 0 °C and then overnight at room
temperature. The reaction was quenched with 1 M HCI and extracted with CH2Cl, (50 mL) three
times. It was then washed with 1 M HCI and brine, dried over Na2SQO4, and concentrated.

The crude oil was then dissolved in CH3OH (0.5 M) and brought to reflux for 4 hours- overnight.
The reaction was cooled to room temperature and concentrated. The crude oil was purified via
column chromatography (7:1 hexanes/ethyl acetate) to afford product. Product is a clear, colorless

oil.

Method B

2.8 equiv. (COCl,) 1 equiv. Meldrum's acid o o o o
\)\)(1 0.13 equiv. DMF o 2 equiv. pyridine Mo/
o oquv VR
o]
OH DCM \)\)km DCM MeOH

2.5 equiv. o~ O

In a flame-dried round-bottomed flask equipped with a stir bar, the carboxylic acid (2.5 equiv) was
dissolved in dry DCM. The reaction was cooled in an ice bath to 0 °C and DMF (0.13 equiv) was
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added. The oxalyl chloride (2.8 equiv) was added dropwise and the reaction was left to stir for two
hours. It was concentrated under No.

In a separate flame-dried round-bottomed flask equipped with a stir bar, meldrum’s acid (1 equiv)
was dissolved in dry CH2Cl> (0.08 M). The solution was cooled to 0 °C in an ice bath and pyridine
(2 equiv) was added. The solution was allowed to stir for 10 minutes. The prepared acyl chloride
was added dropwise. The solution was allowed to stir for 1 hour at 0 °C and then overnight at room
temperature. The reaction was quenched with 1 M HCI and extracted with CH2Cl> (50 mL) three
times. It was then washed with 1 M HCI and brine, dried over Na2SOs, and concentrated.

The crude oil was then dissolved in CH3OH (0.5 M) and brought to reflux for 4 hours- overnight.
The reaction was cooled to room temperature and concentrated. Crude oil was purified via column

chromatography (7:1 hexanes/ethyl acetate) to afford product. Product is a clear, colorless oil.

Furan ring cyclization

(Uﬁ Q o 10 mol % Sc(OTfs) HO
mol % Sc 3
o.__0O + RMO/ MeOH, 18h rt EO

Method A

In a vial equipped with a stir bar, the -ketomethylester intermediate was dissolved in CH3OH (0.5
M) and 2,2 dimethyl-1,3-dioxane-5-one (1.2 equiv) was added. Then, Sc(OTf3) (10 mol %) was
added. The solution stirred for 18 hours at room temperature. It was then concentrated and purified
via column chromatography (7:2 hexanes/ethyl acetate) to afford the product. The product is a
clear, colorless oil.

Method B

In a vial equipped with a stir bar, the -ketomethylester intermediate was dissolved in CH3OH (0.5
M) and 2,2 dimethyl-1,3-dioxane-5-one (1.2 equiv) was added. Then, Sc(OTf3) (10 mol%) was
added. The solution stirred for 6 hours at room temperature. Another equivalence of Sc(OTf3)
(20 mol %) was added and the reaction was allowed to stir for 12 additional hours at room
temperature. It was then concentrated and purified via column chromatography (7:2 hexanes/ethyl

acetate) to afford the product. The product is a clear, colorless oil.
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Hydrolysis to afford MMF
HO — LIOH(25 eq) Ho = O
O —
/O ~ 1:1 THF: H,0, 18h rt HO
R
Method A

In a vial, the carboxylate intermediate was dissolved in 1:1 THF/H.O (0.5 M). LiOH (2.5 equiv)
was added and the reaction was stirred for 18 hours at room temperature. The reaction was then
concentrated to remove the THF. The aqueous layer was acidified with 10% HCI to a pH of 2-3.
The reaction mixture was then extracted with ethyl acetate three times. The organic layers were
collected, dried over Na,SOa, and concentrated to afford the product. The product is a white, waxy

solid.

Method B

In a vial, the methylester furan intermediate was dissolved in 1:1 THF/H.O (0.5 M). LiOH
(2.5 equiv) was added and the reaction was stirred for 6 hours at room temperature. Then, an
additional equivalence of LiOH (1 equiv) was added and the reaction was allowed to stir for an
additional 12 hours at room temperature. The reaction was then concentrated to remove the THF.
The aqueous layer was acidified with 10% HCI to a pH of 2-3. The reaction mixture was then
extracted with ethyl acetate three times. The organic layers were collected, dried over Na SOa, and

concentrated to afford the product. The product is a white, waxy solid.

S4



Naturally occurring MMF molecules

*All protocols followed from [1], all NMRs coincide with previously reported spectra [2, 3].

HO
HO,C

/ \
o)

MMF1 (1)
4-(Hydroxymethyl)-2-isobutylfuran-3-carboxylic acid
'HNMR (400MHz, CDCls): 6 7.28 (s, 1H), 4.61 (s, 2H), 2.90 (d, J = 7.1 Hz, 2H), 2.10 (hept, J
= 6.4 Hz, 1H), 0.95 (d, J = 6.6 Hz, 6H).
13CNMR (100MHz, CDCIs): *C NMR (101 MHz, CDCls) 6 170.09, 166.18, 138.74, 125.32,
112.04, 55.55, 36.75, 28.19, 22.29.
HRMS: m/z calculated for [C10H1404-H2O+H]*: 181.08592, observed 181.0861 (error: 0.99 ppm)

HO
HO,C

/\
o)

MMF2 (2)
4-(Hydroxymethyl)-2-propylfuran-3-carboxylic acid
IHNMR (400MHz, CDCls): § 7.27 (s, 1H), 4.60 (s, 2H), 2.97 (t, J = 7.6 Hz, 2H), 1.70 (h, J =
7.0 Hz, 2H), 0.95 (t, J = 7.0 Hz, 3H).
13CNMR (100MHz, CDCl3): 5 169.92, 166.68, 138.64, 125.30, 111.53, 55.52, 29.97, 21.19,
13.63.
HRMS: m/z calculated for [CoH1204-H2O+H]*: 167.07027, observed 167.0703 (error: 0.18 ppm)

HO
HO,C

/ \
o)

MMF3 (3)
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4-(Hydroxymethyl)-2-isopentylfuran-3-carboxylic acid

'HNMR (400MHz, CDCls): 6 7.28 (s, 1H), 4.60 (s, 2H), 3.02 (t, J = 7.6 Hz, 2H), 1.65 — 1.50
(m, 3H), 0.94 (d, J = 6.1 Hz, 6H).

13CNMR (100MHz, CDCls): & 169.87, 167.17, 138.58, 125.39, 111.18, 55.54, 36.63, 27.66,
26.20, 22.19.

HRMS: m/z calculated for [C11H1604-H2O+H]*: 195.10157, observed 195.1020 (error: 2.20 ppm)

HO
HO,C

/ \
o)

MMF4 (4)
2-Butyl-4-(hydroxymethyl)furan-3-carboxylic acid
IHNMR (400MHz, CDCls): § 7.27 (s, 1H), 4.60 (s, 2H), 3.01 (d, J = 7.4 Hz, 2H), 1.72 - 1.62 (m,
2H), 1.42 — 1.32 (m, 2H), 0.93 (d, J = 7.3 Hz, 3H).
BCNMR (100MHz, CDCls): $3C NMR (101 MHz, CDCls) § 170.00, 167.00, 138.61, 125.37,
111.32, 55.54, 29.86, 27.86, 22.21, 13.64.
HRMS: m/z calculated for [C10H1404-H>O+H]*: 181.08592, observed 181.0862 (error: 1.54 ppm)

HO
HO,C

I\
o

MMF5 (5)
4-(Hydroxymethyl)-2-pentylfuran-3-carboxylic acid
IHNMR (400MHz, CDCls): 6 7.27 (s, 1H), 4.60 (s, 2H), 3.00 (t, J = 7.8 Hz, 2H), 1.75— 1.63 (m,
2H), 1.37 — 1.29 (m, 4H), 0.89 (t, J = 6.5 Hz, 3H).
13CNMR (100MHz, CDCl3): § 169.84, 138.62, 125.41, 111.23, 55.56, 31.26, 28.11, 27.46,
22.24,13.82.
HRMS: m/z calculated for [C11H1604-H20+H]*: 195.10157, observed 195.1020 (error: 2.20 ppm)
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MMF Derivatives

*All protocols adapted or followed from [1].

\/\/\)K)J\O/

Methyl 3-oxononanoate

Prepared by Method A

Yield=43%, 108mg

Rf: 0.53

IHNMR (400MHz, CDCls): § 3.67 (s, 3H), 3.39 (s, 2H), 2.47 (dd, J = 356.4, 7.4 Hz, 2H), 1.52
(p, J=7.2 Hz, 2H), 1.30 — 1.15 (m, 7H), 0.81 (t, J = 6.6 Hz, 4H)

1I3CNMR (100MHz, CDClg): 8 202.67, 167.55, 52.07, 48.80, 42.86, 31.36, 28.54, 28.49, 23.24,
22.28, 13.80.

HRMS: m/z calculated for [C10H1803+H]*: 187.13287, observed 187.13281 (error: -0.32 ppm)
Spectra are consistent with previously published data [1].

e~ A -

Methyl 3-oxoundecanoate

Prepared by Method A

Yield=39%, 118mg

Rf: 0.44

IHNMR (400MHz, CDCl3): 6 3.71 (s, 3H), 3.42 (s, 2H), 2.50 (t, J = 7.3 Hz, 2H), 1.57 (p, J = 6.7
Hz, 2H), 1.33 - 1.18 (m, 10H), 0.85 (t, J = 6.5 Hz, 3H).

13CNMR (100MHz, CDCls): 8 202.70, 167.57, 52.16, 48.88, 42.95, 31.67, 29.17, 29.01, 28.96,
28.88, 23.35, 22.50, 13.94.

HRMS: m/z calculated for [C12H2203+H]*: 215.16417, observed 215.1644 (error: 1.06 ppm)

Spectra are consistent with previously published data [4].

~ A
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Methyl 3-oxopentanoate

Prepared by Method A

Yield=39%, 137mg

Rf: 0.31

'HNMR (400MHz, CDCl3): 6 3.69 (s, 3H), 3.42 (s, 2H), 2.51 (q, J = 7.2 Hz, 2H), 1.05 (t, J =
7.5 Hz, 3H).

13CNMR (100MHz, CDCls): § 203.06, 167.59, 52.14, 48.55, 36.17, 7.36.

HRMS: m/z calculated for [CeH1003+H]*: 131.07027, observed 131.0701 (error: -1.30 ppm)

Spectra are consistent with previously published data [5].

Ao

Methyl 4-methyl-3-oxopentanoate

Prepared by Method A

Yield=31%, 104mg

Rf: 0.37

IHNMR (400MHz, CDCls3): *H NMR (400 MHz, CDCls) & 3.68 (s, 3H), 3.47 (s, 2H), 2.70 (p, J
= 7.1 Hz, 1H), 1.16 (d, J = 7.1 Hz, 2H), 1.09 (d, J = 7.0 Hz, 7H).

1I3CNMR (100MHz, CDCl3): 6 206.32, 167.73, 52.12, 46.66, 41.08, 17.73.

HRMS: m/z calculated for [C7H1203+H]*: 145.08592, observed 145.0859 (error: -0.14 ppm)

Spectra are consistent with previously published data [6].

K

O/

Methyl 5-methyl-3-oxoheptanoate

Prepared by Method B

Yield= 17%, 58mg

Rf: 0.57

'HNMR (400MHz, CDCl3): 8 3.74 (s, 4H), 3.46 (s, 2H), 2.54 (d, J = 5.7 Hz, 1H), 2.34 (d, J =
7.9 Hz, 1H), 1.97 (p, J = 8.0 Hz, 1H), 1.45-1.28 (m, 1H), 1.24 — 1.14 (m, 1H), 0.88 (9, J = 6.4
Hz, 8H).
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13CNMR (100MHz, CDCls): 6 202.46, 178.22, 167.52, 89.65, 52.14, 50.88, 49.89, 49.33, 42.20,
32.33,30.42, 29.20, 29.14, 19.11, 18.82, 11.13.
HRMS: m/z calculated for [CoH1603+H]*: 173.11722, observed 173.1168 (error: -2.43 ppm)

Methyl 2-hexyl-4-(hydroxymethyl)furan-3-carboxylate

Prepared with Method B

Yield=52%, 66mg

Rf: 0.19

'HNMR (400MHz, CDCl3): 6 7.23 (s, 1H), 4.54 (d, J = 1.0 Hz, 2H), 3.87 (s, 3H), 2.94 (t, J =
7.6 Hz, 2H), 1.64 (p, J = 6.1 Hz, 2H), 1.36 — 1.22 (m, 7H), 0.88 (t, J = 6.6 Hz, 3H).

13CNMR (100MHz, CDCls): 5 165.64, 164.86, 138.21, 125.69, 111.92, 55.64, 51.60, 31.33,
28.74,28.11, 27.81, 22.39, 13.93.

HRMS: m/z calculated for [C13H2004-H2O+H]*: 223.13287, observed 223.1328 (error: -0.31

ppm)

Methyl 4-(hydroxymethyl)-2-octylfuran-3-carboxylate

Prepared with Method B

Yield= 51%, 66mg

Rf: 0.10

IHNMR (400MHz, CDCls): § 7.26 (s, 1H), 4.58 (d, J = 6.8 Hz, 2H), 3.89 (s, 3H), 2.94 (t, J = 7.1
Hz, 2H), 1.66 (p, J = 6.8 Hz, 2H), 1.37 — 1.23 (m, 11H), 0.90 (t, J = 6.8 Hz, 3H).

1I3CNMR (100MHz, CDCls): & 165.73, 164.97, 138.31, 125.81, 112.03, 55.76, 51.69, 31.83,
29.21, 29.19, 29.15, 27.93, 22.64, 14.08.
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HRMS: m/z calculated for [C1sH2404-HO+H]*: 251.16417, observed 251.1644 (error: 0.92 ppm)

Methyl 2-ethyl-4-(hydroxymethyl)furan-3-carboxylate

Prepared with Method A

Yield=40%, 76mg

Rf: 0.11

'HNMR (400MHz, CDCl3): 6 7.21 (t, J = 0.7 Hz, 1H), 4.52 (s, 2H), 3.84 (s, 3H), 2.92 (9, J = 7.7
Hz, 2H), 1.20 (t, J = 7.5 Hz, 3H).

13CNMR (100MHz, CDCls): 8 165.52, 138.17, 125.78, 111.41, 55.63, 51.58, 21.68, 11.99.
HRMS: m/z calculated for [CoH1204-H>O+H]*: 167.07027, observed 167.0703 (error: 0.18 ppm)

Methyl 4-(hydroxymethyl)-2-isopropylfuran-3-carboxylate

Prepared with Method A

Yield= 27%, 36mg

Rf: 0.22 (7:2, Hex: EtOAC)

IHNMR (400MHz, CDCls): & 7.23 (t, J = 0.7 Hz, 1H), 4.54 (d, J = 0.9 Hz, 2H), 3.86 (s, 3H), 3.67
(h, J=7.0 Hz, 1H), 1.25 (d, J = 6.7 Hz, 7H).

13CNMR (100MHz, CDCIls): & 168.59, 165.62, 138.12, 125.54, 110.48, 55.65, 51.63, 27.58,
20.59.

HRMS: m/z calculated for [C10H1404-H>O+H]*: 181.08592, observed 181.0861 (error: 0.99 ppm)

Methyl 4-(hydroxymethyl)-2-(2-methylbutyl)furan-3-carboxylate
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Yield=42%, 30mg

Rf: 0.34 (6:2, Hex: EtOAC)

IHNMR (400MHz, CDCls): & 7.24 (s, 1H), 4.55 (s, 2H), 3.86 (s, 3H), 2.91 (dd, J = 7.8, 6.4 Hz,
1H), 2.72 (dd, J = 8.2, 7.4 Hz, 1H), 1.80 (h, J = 6.8 Hz, 1H), 1.44 — 1.15 (m, 2H), 0.87 (q, J = 8.2
Hz, 6H).

B3CNMR (100MHz, CDCl3): 6 165.69, 164.26, 138.32, 125.65, 112.66, 55.66, 51.57, 34.93,
34.62, 29.26, 19.08, 11.27.

HRMS: m/z calculated for [C12H1804+H]*: 227.12779, observed 227.1270 (error: -3.48 ppm)

HO )=

O
OH

2-Hexyl-4-(hydroxymethyl)furan-3-carboxylic acid (7)

Prepared with Method A

Yield=92%, 50mg

Rf: 0.31

IHNMR (400MHz, CDCls): § 7.26 (s, 1H), 4.60 (s, 2H), 2.99 (t, J = 7.5 Hz, 2H), 1.67 (p, J =
7.8 Hz, 2H), 1.40 — 1.22 (m, 6H), 0.88 (t, J = 6.7 Hz, 3H).

1I3CNMR (100MHz, CDCls): 8 170.01, 166.94, 138.59, 125.34, 111.37, 55.53, 31.36, 28.77,
28.12, 27.71, 22.39, 13.92.

HRMS: m/z calculated for [C10H1404-H2O+H]*: 209.11722, observed 209.1174 (error: 0.86 ppm)
FTIR: 1662 cm, 2889 cm™, 2954 cm™, 3334 cm™t

HO )=

O
OH

4-(Hydroxymethyl)-2-octylfuran-3-carboxylic acid (8)
Prepared with Method B

Yield=80, 49mg

Rf: 0.34
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'HNMR (400MHz, CDCl3): 6 7.27 (s, 1H), 4.60 (s, 2H), 3.01 (t, J = 7.8 Hz, 2H), 1.68 (p, J =
6.6 Hz, 2H), 1.38 — 1.15 (m, 10H), 0.88 (t, J = 6.3 Hz, 3H).

13CNMR (100MHz, CDCl3): 5 169.91, 167.02, 138.60, 125.38, 111.29, 55.55, 31.72, 29.13,
29.04, 28.14, 27.76, 22.53, 13.98.

HRMS: m/z calculated for [C14H2204-HO+H]*: 237.14852, observed 237.1488 (error: 1.18 ppm)
FTIR: 1676 cm™, 2862 cm™, 2917 cm™, 3390 cm™t

HO =

O
OH

2-Ethyl-4-(hydroxymethyl)furan-3-carboxylic acid (9)

Prepared with Method A

Yield=81%, 55mg

Rf: 0.14

'HNMR (400MHz, CDCl3): 6 7.27 (s, 1H), 4.61 (s, 2H), 3.02 (q, J = 7.4 Hz, 2H), 1.25 (t, J =
7.5 Hz, 3H).

13CNMR (100MHz, CDCls): 6 169.90, 167.64, 138.59, 125.34, 110.95, 55.50, 21.71, 11.92.
HRMS: m/z calculated for [CsH1004-H20+H]*: 153.05462, observed 153.0546 (error: -0.13 ppm)
FTIR: 1696cmt, 2917cm?, 2977cm™, 3376cm*!

HO —

HO
@)

4-(Hydroxymethyl)-2-isopropylfuran-3-carboxylic acid (10)

Yield= 64%, 18mg

Rf: 0.26

IHNMR (400MHz, CDCls): & 7.28 (s, 1H), 4.60 (s, 2H), 3.79 (p, J = 7.4 Hz, 1H), 1.29 (d, J =
7.5 Hz, 7TH).

1I3CNMR (100MHz, CDCls): 6 170.82, 170.06, 138.53, 125.23, 109.89, 55.55, 27.58, 20.52.
HRMS: m/z calculated for [CoH1204-H20+H]*: 167.07027, observed 167.0704 (error: 0.77 ppm)
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FTIR: 2967.9 cm, 2848.4 cm™, 1662.3 cm™, 1517.7 cm™, 1083.8 cm!

HO” 7 0
HO —
0]
4-(Hydroxymethyl)-2-(2-methylbutyl)furan-3-carboxylic acid (11)
Yield= 88%, 25mg
Rf: 0.30
IHNMR (400MHz, CDCl3): 6 7.28 (s, 2H), 4.60 (s, 2H), 2.98 (dd, J = 6.5, 6.5 Hz, 1H), 2.86
(dd, J=9.3,8.4 Hz, 1H), 1.88 (h, J = 7.0 Hz, 1H), 1.44 (hept, J = 6.9 Hz, 1H), 1.23 (h, J=7.5
Hz, 2H), 0.90 (t, J = 7.4 Hz, 6H).
3CNMR (100MHz, CDCl3): 8 170.07, 166.37, 138.72, 125.33, 112.07, 55.56, 34.93, 34.49,
29.24, 19.00, 11.25.
HRMS: m/z calculated for [C11H1604+H]*: 213.11214, observed 213.1116 (error: -2.53 ppm)
FTIR: 2912.0 cmt, 1672.0 cm™, 1427.1 cm™, 1099.2 cm'!

Maleimide probe synthesis

1. (COClI), (1.1 equiv.), DMF

o
l:lé /@/\ 2. NEt; (1 equiv.), DCM E‘léN
QO
® Cl
Q o)
1. DMF, Oxalyl Chloride (1 1eq)
O;j] + /©/\NH2 2. Et3N (1¢q) dN\©\
Cl DCM
© © cl

*Protocol followed from [7] with a few adaptations. The adaptations are as follows:

After addition of the oxalyl chloride (1.1 equiv), the reaction was stirred for two hours at 0 °C. It

was then concentrated and further dried under high vacuum for 30 minutes. The crude mixture was

S13



then resuspended in dry DCM and cooled to 0 °C. EtsN (1.5 equiv) was added dropwise and the

reaction was allowed to stir overnight at room temperature.

O
O

b Q

Cl

1-(4-Chlorobenzyl)-1H-pyrrole-2,5-dione
Yield=67%, 1.48g
Rf: 0.51 (2:1 Hex : EtOAC)
IHNMR (400MHz, CDCl3): 8 7.27 (s, 4H), 6.72 (s, 2H), 4.62 (s, 2H).

13CNMR (100MHz, CDCl3): 8 170.15, 134.51, 134.15, 133.74, 129.80, 128.77, 40.65.
HRMS: m/z calculated for [C1:HsCINO2+H]*: 222.03163, observed 222.0318 (error: 0.77 ppm)

Maleimide probe Diels—Alder reaction

0 R o
R R
0 | N 5wt% NaOH t’ N
+
DR @ 1:1 MeOH: H,0 R
Rk © o 50°C, 18h R O

Cl

In a round-bottomed flask equipped with a stir bar, furan (0.45 mmol) and maleimide probe (1.5
equiv, 0.67 mmol) were dissolved in 1:1 methanol: RO water (0.1 M). Then, NaOH (0.36 mL of
5 wt% NaOH, 1.0 equiv) was added. The reaction vessel was sonicated for 5 minutes until the
solution was cloudy. The reaction was heated to 50 °C and left to stir overnight. The reaction
mixture was extracted with dichloromethane (3 x 15mL) to remove excess maleimide probe. The
aqueous layer was then acidified with 1 M HCI to afford a pH of 3. This was extracted with ethyl
acetate (3x) and the organic layer was dried over Na>SOs, filtered, and concentrated. Crude solid
was purified via column chromatography (4:1 ethyl acetate/hexane) to afford product. Product is

a white solid.
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HO @ \

H o

Cl

(4S,7S)-2-(4-Chlorobenzyl)-1,3-dioxo-2,3,3a,4,7,7a-hexahydro-1H-4,7-epoxyisoindole-5-
carboxylic acid
Yield= 35%, 45mg
Rf: 0.16, (3:1 Ethyl Acetate: Hexanes)
IHNMR (400MHz, CDCl3): & 7.32 (d, J = 1.9 Hz, 1H), 7.29 — 7.22 (m, 5H), 5.50 (s, 1H), 5.41
(d, J = 1.2 Hz, 1H), 4.61 (s, 2H), 3.01 (d, J = 6.7 Hz, 1H), 2.98 (d, J = 6.5 Hz, 1H).
13CNMR (100MHz, CDCls): 6 174.71, 165.57, 146.88, 142.35, 133.82, 133.52, 129.64, 128.78,
82.23, 80.37, 47.24, 46.98, 41.98.
HRMS: m/z calculated for [C16H12CINOs+H]*: 334.04768, observed 334.0468 (error: -2.63 ppm)

Maleimide probe Diels—-Alder reaction for small scale substrate scope

0 R o
R R
0 | N 5wt% NaOH t’ N
+
DR @ 1:1 MeOH: H,0 R
Rk © o 50°C, 18h R O

Cl

In a vial equipped with a stir bar, furan (1 equiv) and maleimide probe (1.5 equiv) were dissolved
in 1:1 methanol:Ro water (0.1 M). Then, 5wt % NaOH (1.0 equiv) was added. The reaction vessel
was sonicated for 5 minutes until the solution was cloudy. The reaction was heated to 50 °C and
left to stir for 18 hours. The aqueous reaction mixture was acidified with 1 M HCI until cloudy.
This was extracted with ethyl acetate (3 x 2mL) and the organic layer was concentrated via rotary
evaporation. The crude oil was then diluted in 5.4 mL of MeOH and run on the UPLC-MS.

UPLC was utilized to determine the amount of conversion based on left over starting material by
monitoring the absorbance at 254 nm. The UPLC analysis was carried out on an ACQUITY UPLC
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BEH C18 Column, 130A, 1.7 um, 2.1 mm X 50mm (Waters) column. The trace was obtained by
using mobile phases of H.O + 0.1% formic acid (A) and acetonitrile + 0.1% formic acid (B).
Samples were eluted using a gradient with mobile phase B ranging from 5% to 60% over
8.5 minutes at a flow rate of 0.5 mL/min. The column was equilibrated with 5% mobile phase B

for 1 minute before and after the gradient.

Cell supernatant preparation

A single colony of either Streptomyces coelicolor M145 or Streptomyces coelicolor W75 was used
to inoculate 5 mL of ATCC 175 liquid (per L, 10 g dextrose, 20 g soluble starch, 5 g yeast extract,
5 g N-Z Amine Type A, 1 g CaCOg, adjusted to pH 7.3 before autoclaving) in a 20 x 150 mm? test
tube and grown on an angled roller drum at 30 °C for 4 days. As per methods in [3], 0.5 mL of the
seed culture was then used to inoculate each plate of Alanine Minimal Media (AlaMM, per L,
30 mM vr-alanine (2.67 g), 5 mM potassium phosphate (0.871 g), 5 mM magnesium sulfate hydrate
(1.23 g), 10 g/L glycerol (7.93 mL) and 15 g/L agar). These cultures were spread with sterile glass
beads and incubated at 30 °C for 5 days. Each strain was plated on 10 plates. After 5 days, the
plates were cut with a razor blade and soaked in 500 mL of ethyl acetate (EtOAc) for around
24 hours. The next day, the EtOAc extract was concentrated via rotary evaporation. The final
yields of EtOAc extractions were 37 mg for S. coelicolor M145 and 81 mg for S. coelicolor W75.

These extracts were stored at —80 °C until used.

Limit of detection in cell extracts

The initial volume of the S. coelicolor M145 growth prior to extraction was the volume for a 1x
concentration. VVolumes of solvent added were then reduced appropriately to obtain other
concentrations (e.g. 2%, 5%, or 25x). Serial dilutions of 3-furoic acid were made in methanol to
achieve reactions of 27 umol, 6.8 pmol, 1.7 pmol, 420 nmol, 105 nmol, 26 nmol, 6.6 nmol of 3-
furoic acid in 125 pL of methanol.

In a4 mL vial equipped with a stir bar, 3-furoic acid dissolved in methanol (125 pL) and maleimide
probe (40 umol) were added. A solution of cell extract dissolved in methanol to achieve 2x
concentration was added (125 pL). 130 pL of RO water was added followed by 5wt % NaOH
(21.6 pL of 5 wt % NaOH). The reaction was heated to 50 °C and left to stir overnight (18 hours).

The reaction mixture was brought to room temperature and quenched with 1M HCI. It was then
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extracted with ethyl acetate (3 x 2mL) and concentrated. The crude mixture was taken up in 5.4 mL
of methanol to be analyzed on the UPLC. Control reactions were run following this protocol in
absence of the probe. These reactions were run in triplicate.

UPLC-MS was utilized to determine the amount of conversion based on leftover starting material
by monitoring the absorbance at 254 nm. The UPLC analysis was carried out on a ACQUITY
UPLC BEH C18 Column, 130A, 1.7 pm, 2.1 mm x 50 mm (Waters) column. The trace was
obtained by using mobile phases of H.O + 0.1% formic acid (A) and acetonitrile + 0.1% formic
acid (B). Samples were eluted using a gradient with mobile phase B ranging from 40% to 60%
over 8.5 minutes at a flow rate of 0.5 mL/min. The column was equilibrated with 0% mobile phase
B for 1 minute before and after the gradient. The samples were analyzed in increasing

concentration of 3-furoic acid.

Maleimide probe Diels—Alder reaction in cell extract

O R o)
R 1 equiv. of R
N . LN 5wt% NaOH " N
+
Cell Extract NR4 MeOH, H,0 R
R\ 0 50°C, 18h R ©O
3 Cl

The initial volume of the Streptomyces growth prior to extraction was the volume for a 1x
concentration. Volumes of solvent added were then reduced appropriately to obtain other
concentrations (e.g. 2x, 5%, or 25%). In a 4 mL vial equipped with a stir bar, the maleimide probe
(40 pmol) was added followed by the addition a solution of cell extract dissolved in methanol
(250 pL). 130pL of RO water was added followed by 5 wt % NaOH (21.6 pL of 5 wt % NaOH).
The reaction was heated to 50 °C and left to stir overnight (18 h). The reaction mixture was brought
to room temperature and quenched with 1 M HCI. It was then extracted with ethyl acetate (3x) and
concentrated. The crude mixture was taken up in 5.4 mL of methanol to be analyzed on the UPLC.
Control reactions were run following this protocol but in absence of the probe. M145 and W75
were run in one replicate with 5x concentration, with a control, and with 25x. After seeing MMF
cycloadduct via UPLC analysis with 25x of the W75 cell extracts, two more replicates were run

with 25x concentrations of the M145 and W75 with controls at 25x as well.
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Supporting figures
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Figure S1. Furan. Representative mass spectra and UV traces for furan reacted with the
maleimide probe (P). This may be because of the low boiling point of furan.
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Figure S2. 2-Furoic acid. Representative mass spectra and UV traces for 2-furoic acid (F) reacted
with the maleimide probe (P) to produce 2-furoic acid cycloadduct(CA).
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3-Furoic Acid S3
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Figure S3. 3-Furoic Acid. Representative mass spectra and UV traces for 3-furoic acid (F) reacted
with the maleimide probe (P) to produce 3-furoic acid cycloadduct (CA).
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Figure S4. 3-Methyl-2-Furoic Acid. Representative mass spectra and UV traces for 3-methyl-2-

furoic acid (F) reacted with the maleimide probe (P) to produce 3-methyl-2-furoic acid cycloadduct
(CA).
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2-Methyl-3-Furoic Acid S5
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Figure S5. 2-Methyl-3-Furoic Acid. Representative mass spectra and UV traces for 2-methyl-3-

furoic acid (F) reacted with the maleimide probe (P) to produce 2-methyl-3-furoic acid cycloadduct
(CA).
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Figure S6. 2-Methyl-5-Phenyl-3-Furoic Acid. Representative mass spectra and UV traces for 2-
methyl-5-phenyl-3-furoic acid (F) reacted with the maleimide probe (P).
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Figure S7. Furfural. Representative mass spectra compared to mass spectra of 3-furoic acid and
UV traces furfural reacted with the maleimide probe (P) to produce furfural cycloadduct (CA).
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Figure S8. (4-Methylfuran-3-yl) Methanol. Representative mass spectra and UV traces (4-
methylfuran-3-yl) methanol (F) reacted with the maleimide probe (P) to produce (4-methylfuran-
3-yl) methanol cycloadduct (CA).
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Methyl-3-Furan Carboxylate S9
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Figure S9. Methyl-3-Furan Carboxylate. Representative mass spectra and UV traces for methyl-
3-furan carboxylate (F) reacted with the maleimide probe (P) to produce methyl-3-furan
carboxylate cycloadduct (CA).
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Figure S10. 1H-Pyrrole. Representative mass spectra and UV traces for 1H-pyrrole reacted with
the maleimide probe (P) to produce 1H-pyrrole cycloadduct (CA).
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Thiophene S11
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Figure S11. Thiophene. Representative mass spectra and UV traces for thiophene reacted with
the maleimide probe (P).
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Figure S12. MMF1. Representative mass spectra and UV traces for MMF 1 reacted with the
maleimide probe (P) to produce MMF 1 cycloadduct (CA).
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Figure S13. MMF2. Representative mass spectra and UV traces for MMF 2 (M) reacted with the
maleimide probe (P) to produce MMF 2 cycloadduct (CA).
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Figure S14. MMF3. Representative mass spectra and UV traces for MMF 3 (M) reacted with the
maleimide probe (P) to produce MMF 3 cycloadduct (CA).

S24



MMF 4 S15

MMF 4

HO

O™ oH
Exact Mass: 198.08921
Mass Error (ppm): -8.1

CiHy + d\@\

MMF 4
Cycloadduct

b

Probe

o C,,

Exact Mass: 419.11357
Mass Error (ppm): -0.3

1:1 MeOHH;0, 50°C, 18h

Exact Mass: 221.02436
Mass Error (ppm): -5.3

42012079
1567
T MMF 4 Cycloadduct
3 1e7
S 181.08447
=
] 20210995 | 56006819 75418021
£ se6
— el e
1 ~599.12014] (~933. B
16307503 | _ppp [ | | 739r2n| | pomsaveno 129620950 160330473
Z&K] A‘CIID ﬂ‘m EAID ICbO 'IZIDQ '\l‘(ﬂ 'IH‘:K] '\B‘Oﬂ zc:m CA
464
15 \
s i
EY
g ! I
k] P | !
g
< oS 354 359
NCA M
430
o _ 430
3 s a2 EY AR T 31 38 99 3 a1 az 43 44 a5 4 4 a5 48

Retention time [min]

Figure S15. MMF4. Representative mass spectra and UV traces for MMF 4 (M) reacted with the
maleimide probe (P) to produce MMF 4 cycloadduct (CA).
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Figure S16. MMF5. Representative mass spectra and UV traces for MMF 5 (M) reacted with the

maleimide probe (P) to produce MMF 5 cycloadduct (CA).
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Figure S17. MMF Derivative 1. Representative mass spectra and UV traces for MMF derivative
1 (D) reacted with the maleimide probe (P) to produce Der 1 cycloadduct (CA).
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Figure S18. MMF Derivative 2. Representative mass spectra and UV traces for MMF derivative

2 (D) reacted with the maleimide probe (P) to produce Der 2 cycloadduct (CA).
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Figure S19. MMF Derivative 3. Representative mass spectra and UV traces for MMF derivative
3 (D) reacted with the maleimide probe (P) to produce Der 3 cycloadduct (CA).
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Figure S20. MMF Derivative 4. Representative mass spectra and UV traces for MMF derivative
4 (D) reacted with the maleimide probe (P) to produce Der 4 cycloadduct (CA).
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Figure S21. MMF Derivative 5. Representative mass spectra and UV traces for MMF derivative
5 (D) reacted with the maleimide probe (P) to produce Der 5 cycloadduct (CA).
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Figure S22. Flufuran. Representative mass spectra and UV traces for flufuran (F) reacted with
the maleimide probe (P) to produce flufuran cycloadduct (CA).
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Figure S23. Limit of detection study.

A) UV traces at 254 nm of Streptomyces coelicolor M145 extract spiked with various
concentrations of 3-Furoic Acid (14), as well as a control that contained just the Streptomyces
coelicolor extract. The lowest that the mass of 14 (red triangle) can be confidently observed is at
17.8 mM. B) UV traces at 254 nm of Streptomyces coelicolor M145 extract spiked with various
concentrations of 14 and treated with the maleimide probe. The lowest that the mass of the
cycloadduct (yellow star) can be confidently observed on the UPLC is at 69.4 uM. The control is
only Streptomyces coelicolor extract. C.) Shows the mass of 3-furoic acid at 17.8 mM and the
mass of 3-furoic acid cycloadduct at 69.4 pM.

S29



References

1. Davis JB, Bailey JD, Sello JK (2009) Biomimetic Synthesis of a New Class of
Bacterial Signaling Molecules. Org Lett 14:2984-2987
2. Corre C, Song L, O’Rourke S, et al (2008) 2-Alkyl-4-hydroxymethylfuran-3-

carboxylic acids, antibiotic production inducers discovered by Streptomyces coelicolor
genome  mining. Proc Natl Acad Sci U S A 105:17510-17515.
https://doi.org/https://doi.org/10.1073/pnas.080553010

3. Zhou S, Bhukya H, Malet N, et al (2021) Molecular basis for control of antibiotic
production by a bacterial hormone. Nature 590:463-467. https://doi.org/10.1038/s41586-
021-03195-x

4. Lin Z, LiJ, Huang Q, etal (2015) Chiral Surfactant-Type Catalyst: Enantioselective
Reduction of Long-Chain Aliphatic Ketoesters in Water. J Org Chem 80:4419-4429.
https://doi.org/10.1021/acs.joc.5b00241

5. Mullah KB, Sutherland JK (1992) A simple synthesis of anthracyclinones from 2-
acetylquinizarin. J Chem Soc Perkin 1 1237. https://doi.org/10.1039/p19920001237
6. Sagyam RR, Padi PR, Ghanta MR, Vurimidi H (2007) An efficient synthesis of

highly substituted pyrrole and bis pyrrole derivatives. J Heterocycl Chem 44:923-926.
https://doi.org/10.1002/jhet.5570440429

7. Schweizer E, Hoffmann-Rdder A, Olsen JA, et al (2006) Multipolar interactions in
the D pocket of thrombin: large differences between tricyclic imide and lactam inhibitors.
Org Biomol Chem 4:2364-2375. https://doi.org/10.1039/B602585D

S30



NMR Spectra

HO

7.3 CDCI3

73
—46

HO,C
/A

J J

=

—29

-

204

T
=]

204

r15000
14000

o

13000
12000
) 11000
10000
9000
8000
7000
6000
5000
4000
3000
12000

J | 1000
N W VR
.

r-1000

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 1.

1 (ppm)

77.2CDCI3
76.9 CDCI3

—1701

—166.2
—1387
—125.3
—112.0

I

76.6 CDCI3

o
)
©
0

05 00 -05

-240

—55.6
—36.8
—282
—223

220

200

~180

~160

~140

120

~100

iR WA -O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S31



HO ~12000

7.3 CDCI3

7.3

HO,C

—46

—3.0

—17
10

I ~11000

.<

/N r ( 10000
f 9000
18000
17000
16000
15000
-4000
-3000
12000

~1000

10 =
2041
1 204
204
7 301

~-1000

)5 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

-260

240

—169.9
~166.7
—138.6
—125.3
—111.5
77.2CDCI3
-&-0-CDCI3
76.6 CDCI3
—b6.5
—30.0
—21.2
—13.6

\

220

200

~180

~160

~140

120

~100

s W AP O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S32



~15000

29

~14000
_— ~13000

~12000
o [ J [ ] ~11000

~10000

_7.3CDCI3

72
—4.5
—29
—15

—=0.9

HO

-0

9000
8000
7000
-6000
r5000
4000

3000
J 2000
1000
\ L_“_,- LA J L0
i _ .

1000

[

=

223 —
=

]

3
1 231
1 344
6.8L

10 105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

r500

/77.2CDCI3
{36-8-CDCI3

165.6
~165.0
—138.2
—1267

111.8
\.76.6 CDCI3
—55.6
—516
—36.9
276
~26.2
222

r450

400

r350

r300

r250

r200

r150

100

rb0

r0

--50
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S33



@ 11000

7.28 CDCI3

L&

HO

727
—4.60
3.01
—1.67
—1.37
e}

HO,C,
10000

/ \ r //

o K 9000
J Il 8000
+7000
6000
5000
4000
+3000
2000

1000

100 =
5
8

+-1000

16.5 10I.0 9:5 9.|0 8j5 8f0 75 70 615 6.IO 5:5 510 415 4:0 315 3.IO 2:5 230 1 10 015 OjO

1 (ppm)

r220
210
200
190
180
~170

~160
-150
~140
130
r120
110

~100

—138.6
—125.4
—111.3
77.2CDCI3
=e-9-CDCI3
76.6 CDCI3
—55.5
—299

—-170.0
279
—22.2
—13.6

~167.0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (opm)

S34



21000
20000
119000
18000
17000
{ 116000
. 115000
14000
13000
112000
11000
110000
-9000
8000
| 7000
6000
5000
4000
3000
2000
11000

HO

727
726 CDCI3
—460

3.00
—1.69
—0.89

HO,C

———— =133

N
L?g )
f

+-1000

{220+
2211
4301
321=

5 40 35 30 25 20 15 10 05 00

100 —
» |208=

105 100 95 90 85 80 75 70 65 60 55 50
1 (ppm)

210
200
~190
~180
-170
~160
~150
-140
130
+120
~110

~100

1608
—138.6
—125.4
m.2
77.2CDCI3
e
76.6 CDCI3
—556
313
~281
\275
222
—138

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S35



r4UuUuUu
138000
2o 3 36000
? ~

o
o
73CDCI3

o
\
—37
34
—25
\15

134000
32000

‘ J f 130000
[ 26000
26000
24000
22000
120000
18000
16000
14000
112000
110000
8000
6000

h 4000
I 2000
o | UL J&JUK‘ i)

e --2000

<

~

4
6

3.0=
22—
2

g
o

13

0105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

800
750
700
650
600
550
500
450
400
350
300
250
200
! 150
~100

-50
- (I i W | JL || JJI.IJ O

77.3CDCI3
+-77.0 CDCI3
76.7 CDCI3

—202.7
—167.5
L

\

~521
~488
429

314
£2s.5

285
+~232
\223
—1338

--50

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S36



—7.3 CDCI3

|

o W T U

mo w0
17 )

'f T
@« «©

—

29 =

:

16
B
/09

RN
o)

=
~Ea

17000
16000
15000
~14000
13000
12000
11000
~10000
9000
8000
7000
6000
5000
4000
3000
r2000
1000

1000

10 10.510.0 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 0.0

f1 (ppm)

77.2CDCI3

—202.7
—1676

A AL AR B O

#6:9-CDCI3
76.6 CDCI3

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)

r4uv

350

300

250

200

150

100

S37



: 120000(
O O 119000¢
\\V/JL\\//H\ P | 18000¢
O | 117000C

| | 16000¢
| J 115000¢

| L14000¢

113000¢
112000¢
1110000
L10000¢
190000
80000
170000
60000
150000
140000
130000
120000

10000
1 Q_JLJ S N - lh +O

10000

—37
—34
—25
—11

3.2—=
20—
4 19=
4 3.0=

5100 95 9.0 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

77.3CDCI3
77.0CDCI3
76.7 CDCI3

—2031
—167.6

—521
—485
—36.2
—74

L
\

WWWWWMWMW "

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)
S38



I

—7.3CDCI3

™~ w0 r~ ™ =

M m (3] —

Il | Ny

. J
J 4 1

I
L | lJ_._

| T !

S = Q Q=

o o — =
: -

roouuy

50000

45000

40000

35000

30000

25000

20000

~15000

~10000

-5000

-0

--5000

0105100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05

—206.3
—1677

1 (ppm)

£77.3CDCI3
<77.0CDCI3
\.76.6 CDCI3

~521
—46.7
~A1

ot

ks

177

400

350

-300

250

200

~150

~100

50

210 200 190 180 170

160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S39



r24000

—7.3CDCI3

37
—35

~25
23
20
—1.3

22000

+20000

~18000

o
o
o
\
M2
— 09

~16000

~14000

~12000

~10000

8000

6000

4000

N | 2000
i | NN JJLLL 1 00

--2000

15100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05 -10
1 (ppm)

~130

~120

773 CDCI3
—+-0-CDCI3
76.6 CDCI3

—202.5
—178.2
—167.5
—897
29
29
19.
18.8
1M1

~110
~100

90

ety o

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)

S40



138000
36000
r -34000
32000
o , o 30000
| 28000
26000
24000
22000
20000
18000
16000
14000
12000
10000
. -8000
6000
| 14000
o I
| B T 444__ﬂ_J 2000

72
—a5
-39
—29
—16
—13

—0.9

—

--2000

_
*r
o

09-—=
1 20=
30=
21 =
211
6.6-1

16.0 915 910 8.‘5 8.‘0 7.|5 7.‘0 6.‘5 6.‘0 5.|5 5.‘0 45 4.‘0 3.|5 3.‘0 2.‘5 2.‘0 1.|5 1.b 0.‘5 0.‘0
1 (ppm)
~280

260

77.2CDCI3
=6=0-CDCI3
76.6 CDCI3

165.6
~164.9
—1382
—125.7
—111.9

—b55.6

—51.6
313
287
281
278
22.4

—13.9

/
o
\

240
220
200
~180
~160
~140
120
~100

40
' 20
At 0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
f1 (ppm)



o
o
[a]
(]
el © o] @ ~Nm O
70 5 i | | 1~
HO )= |
0 \
o) |
/ | ‘
[ | | |
I / i / /
1
1
1 1
| | b
L A A *_f J
f i f [ L
@ o o o NGO
o o~ o) o~ N=

4UUUY
-38000
-36000
-34000
-32000
-30000
-28000
-26000
-24000
22000
-20000
-18000
-16000
-14000
-12000
-10000
-8000
-6000
-4000
-2000
-0
--2000

105100 95 90 85 80 75 7.0

1657
2.165.0
—138.3

65 60 55 50 45 40 35

1 (ppm)
oMo
00Q
886
&2 2 Mmoo~
o = NENE
| | —l

30 25 20 15 10 05 00 -05

—55.8

—517
318
292
29.2
291

28.2
279

\

226
—141

1900
1800
1700
1600
1500
-1400
1300
1200
1100
~1000
r900
800
700
600
500
400
300
200
+100
-0
100
r-200
=300

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)

S42



,73CDCI3
72

f
@
=]

0105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

—165.5

—138.2

—125.8

1 (ppm)

—1M11.4

Q‘.’.’g

o0

lagayal

oQO

n @O © o ~ o
~ ik © W = - ~
i T T T

ISR AP W |

45000
w0 B @ o
= of o ‘_f
! ! 40000
| | J
30000
25000
120000
115000
' 110000
! 5000
I AN l . 0
Ly T Ly i
@ 4] @ [=]
= o = o

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S43



~73CDCI3
72

3.9

—4.5
—37

1.2

robuUuUU

-50000

45000

~40000

-35000

-30000

-25000

~20000

~15000

~10000

-5000

¥
=

f
L
RIS -

4 21=
30—

6.5

--5000

105100 95 90 85 80 75 70 65 60 55 50 45 40 35 3.0

—-168.6
~165.6

—1381

—125.5

25 20 15 10 05 00

1 (ppm)

mO0®

o0

888

0o
o NP ©© © ©
24 N® o W = ~N O
- N~ [ToliTe] N N
[ ) Il
1

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

1 (ppm)

S44



2 10000
[=]
8]

2 2 § 23y @ g
Ho” 0 W \ i T 9000

— |
/O 8000

o) /

| | T
J /I /o +7000
6000
5000
4000
3000
2000
ﬂ .‘ 1000

I | N S LL_JLQAJL lu_—fo

i ST o Sy

o~ =] o O Q N

pi o I = = ] N ©

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

1 (ppm)
w29
223 260
T e Bz 3R e
7 TR T A S 240
220
200
180
160
140
1120
1100
80

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
1 (ppm)



73
73

G

-7500

—46
—3.0
—17
—13

—0.9

7000
% ( 6500

HO  \=
o=, , J f 16000
. | | | ] 5500
5000
4500
-4000
3500
3000
2500
12000
11500

‘\ 11000

S W N e 11

T T

s

o

09—
211
6.8

.
R --500

o

[

105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

r4uv

77.2CDCI3
#6=0-CDCI3

-350

~170.0
~166.9
—1386
—1253
—1M.4
\76.6 CDCI3
—565

314

288

281

277

224
—13.9

%
&

/

-300

250

-200

~150

' ~100

jkthwwﬁmwuﬂmw-o

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)



gl © S N o @
T i T T7 9
/™0
HO = (
o} \
OH /
|
j
J / /)

09 =
16 4

JuJLAny_ JJILL L N \J Jloo 0

-6500

-6000

-5500

~5000

4500

-4000

~3500

~3000

2500

-2000

~1500

~1000

-500

--500

5100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05

1 (oom)

mSEQ

oP O

545
)] o
25 g & 2 Sfe 8 oE2ERes
Le el o = N S o) madNNNS
\o/ | | - | =5 |

A !

210
200
~190
~180
-170
-160
~150
~140
130
~120
~110
~100
r90
80
70
60
-50
40
30
20

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O
1 (ppm)



—1.2

24000

—73
—46
—30

HO )= ( 122000
OH f ( 120000

‘ | | 118000

16000

14000

12000

10000

8000

6000

4000

r2000

314

T
@
s

0.9-=

r-2000

419

.0105100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00
1 (ppm)

r350

_-169.9

~1676

1386

—125.3

—1109
772CDCI3
76-9 CDCI3

\76.6 CDCI3

—555

—217

—11.9

r300

250

200

150

100

A AN L A et | O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)

S48



suuuy
134000
HO — +32000

HO 30000
+28000
126000
’ 24000
122000
20000
118000
16000
14000
12000
10000
18000

6000

4000
1
a
o

73CDCI3

73
—4.6
—38

<

2000

A —lo

T T
= b +-2000

-
I

20—= -

10105100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00
f1 (ppm)

380
360
340
320
300
280
260
240
220
200
180
160
140
120

| | 100
80
60
40
F20
b AVAAOUAYAM O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
1 (ppm)

—1385
—125.2
—109.9
+77.2CDCI3
26-0-CDCI3
\76.6 CDCI3

A170.8
1701
—55.5
—276
—205

S49



73
“73cDCI3
—46

\
o

HO

|

30
~29
—19
~14
~12
09

r12000

11000

~10000

r9000

HO B

©]
\
AN
L

8000
r7000
r6000
r5000
4000
r3000

r2000

. i , 11000
D R NI - 1y

r-1000

100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
f1 (ppm)

—1701
—166.4
—1387
—126.3
—121
77.2CDCI3
%e=9-CDCI3
\76.6 CDCI3
—55.6
349

\345
292
—19.0
—11.3

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
1 (ppm)

S50



—73
—67
—46

190000

| N
-80000

O [

Cl 70000
-60000
-50000
40000
30000
20000

~10000

-

!
™~
™

L 1 0
o
<

1935 —

5100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05 00 -05
1 (ppm)

5
2
7
8
8
77.3CDCI3
=&-8-CDCI3
76.6 CDCI3
w
N
o

- e

—170.2
/
<
N
\
\
—407
)
o
)

AR A A AN O

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10
1 (ppm)



16000
o ) X 15000
14000

H o 13000
cl I I 12000

11000

7.3CDCI3

_55
~54
—46
30
N30

~10000
9000
-8000
~7000
-6000
-5000
4000

3000
' 2000
1000
i

J, ] \

e

L

d

Y
~
<

1.0
10

% i
Qo 2 +-1000

1.2

105100 95 90 85 80 75 70 65 6.0 55 50 45 40 35 30 25 20 15 10 05 00 -05

f1 (ppm)
o] 2]
B8
~  © O < @ ©© o 450
S SSERAY FHE 55¢
Lo N RRCNN TR N/
~400
360
300
250
200
~150
~100
50
-0
--50

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0O -10
1 (ppm)

S52



	Cover
	Main file

