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Quantifying the degree of conjugation of compound 37: N-succinimidyl iodoacetate linker addition to
ubiquitin.
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Figure S1. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 37. L=linkers, +40 signifies a mass increase of 40 MW,

corresponding to an internal crosslink formed through reaction of the iodoacetyl moiety with a
neighbouring amino acid functionality.
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Table S1. Relative abundance of conjugate species of 37 as

derived from peak integration from the PeakFit analysis of

the UV chromatogram and identified by EIC correlation.

Table S2. Summary of linker
distribution of conjugate 37.

Peak Identity Area Peak Identity Area 37 Area % Area
1 41.+80 0.12 16 4L+80 1.22 4 Linkers 3.11 15.20%
2 4L+80 0.27 17 5L+40 0.38 5 Linkers 7.91 38.66%
3 41.+80 0.24 18 5L+40 1.23 6 Linkers 8.96 43.79%
4 5L+40 0.42 19 4L+80 0.46 7 Linkers 0.48 2.35%
5 4L+80 0.18 20 5L+40 0.84 Total: 20.46 100.00%
6 5L+40 0.21 21 5L+40 0.69 Average # of linkers: 5.3
7 41.+80 0.31 22 6L 4.61
8 5L+80 0.35 23 5L+80 1.18
9 AL+40 0.10 24 6L+40 1.00 Note: L = linkers; +40 signifies a mass
10 4L+40 0.21 25 5L+80 1.24 increase of 40 MW, corresponding to an
11 5L 047 26 6L+40 117 internal crosslink formed through reaction
12 6L+40 0.19 27 5L+80 0.63 of the iodoacetyl moiety with a
13 2L+40 0'14 58 6L+40 1'72 neighbouring amino acid functionality.
14 5L 0.13 29 7L 0.48
15 6L 0.27 Total Area: 20.46
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Figure S2. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated
chromatogram obtained by use of PeakFit software (below) for ubiquitin conjugate 37.
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Quantifying the degree of conjugation of compound 38: N-succinimidyl 4-pentynoate linker addition
to ubiquitin.
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The bulk of this peak is PEG contamination

Figure S3. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 38. L = linkers, +16 signifies a mass increase of 16 MW
corresponding to one oxidation.
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Table S3. Relative abundance of conjugate species of 38 as
derived from peak integration from the PeakFit analysis of
the UV chromatogram and identified by EIC correlation.

Table S4. Summary of linker

distribution of conjugate 38.

38 Area % Area
Peak Identity Area 5 Linkers 2.71 12.21%
1 6L 0.49 6 Linkers 14.15 63.89%
2 5L+16 1.56 Note: L = linkers; +16 denotes§ mass 7 Linkers 529 23.89%
3 5L+16 115 increase of 16 MW corresponding to - o
one oxidation. Total: 22.15 100.00%
4 6L+16 2.27 Average # of linkers: 6.1
5 6L+16 0.66
6 6L 10.73
7 7L 4.54
8 7L 0.75
Total Area: 22.15
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Figure S4. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated

chromatogram obtained by use of PeakFit software (below) for ubiquitin conjugate 38. The PEG

contamination observed in the TIC chromatogram does not interfere with protein quantification by UV

peak integration as it does not absorb UV (@210 nm).
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Quantifying the degree of conjugation of compound 39: glycoconjugation of 1 (Man,) to 37.
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Figure S5. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 39. L = linkers, T = tetrasaccharides, +40 signifies a

mass increase of 40 MW corresponding to an internal crosslink formed through reaction of the
iodoacetyl moiety with a neighbouring amino acid functionality.
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Table S5. Relative abundance of conjugate species of 39 as
derived from peak integration from the PeakFit analysis of
the UV chromatogram and identified by EIC correlation.

Table S6. Summary of Man,
distribution of conjugate 39.

Peak Identity Area Peak Identity Area 39 Area % Area
1 4L/4T+40 1.00 16 6L/6T+40 1.50 4 Many, 10.17 17.49
2 5L/5T+40 0.97 17 6L/6T+40 1.63 5 Man, 21.12 36.32
3 4L/4T+80 0.58 18 7LTT 2.45 6 Man, 24.42 41.98
4 5L/5T+40 0.25 19 4L/4T+40 2.80 7 Man, 2.45 4.21
5 6L/6T+40 0.27 20 5L/5T+40 3.11 Total: 58.17 100.00
6 6L/6T+40 0.20 21 5L/5T+80 | 1.86 Average # of Many: 5.3
7 4L/4T+80 0.71 22 6L/6T+40 2.24
8 5L/5T 2.54 23 5L/5T+40 2.64
9 4L4T+80 1.29 24 5L/5T+80 1.66 Note: L = linkers; T = tetrasaccharides; +40
10 5L/5T+40 1.61 o5 5L/5T+80 0.48 signifies a mass increase of 40 MW,

11 5L/5T 3.74 26 5L/5T+40 297 corresponding to an internal crosslink
12 AL/4T+40 181 27 7L/6T 1.36 formed through reaction of the iodoacetyl
moiety with a neighbouring amino acid
13 6L/6T 6.08 28 7L/6T | 0.48 functizna“ty. & &
14 41L/4T+80 1.98 29 7L/6T 0.26
15 6L/6T 10.40 Total Area: 58.17
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Figure S6. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated
chromatogram obtained by use of PeakFit software (below) for ubiquitin conjugate 39.
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Quantifying the degree of conjugation of compound 40: glycoconjugation of 2 (Man;) to 37.
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Figure S7. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 40. L = linkers, P = pentasaccharides, +40 signifies a

mass increase of 40 MW corresponding to an internal crosslink formed through reaction of the
iodoacetyl moiety with a neighbouring amino acid functionality.
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Table S7. Relative abundance of conjugate species of 40 as
derived from peak integration from the PeakFit analysis of
the UV chromatogram and identified by EIC correlation.

Table S8. Summary of Mans
distribution of conjugate 40.

Peak Identity Area Peak Identity Area 40 Area % Area
1 4L/4P+40 0.41 17 6L/5P 0.66 4 Mans 4.20 20.23
2 5L/5P+40 0.63 18 7L/6P 0.60 5 Mans 6.98 33.66
3 5L/5P 1.96 19 5L/5P+80 0.22 6 Mans 9.33 44.97
4 5L/5P 0.61 20 6L/5P 0.18 7 Mans 0.24 1.14
5 6L/6P 7.29 21 4L/4P+40 0.16 Total: 20.75 100.00
6 6L/6P+40 0.83 22 5L/5P+40 | 0.62 Average # of Mans: 5.3
7 7L/7P 0.24 23 5L/5P+80 0.36
8 4L/4P+40 0.32 24 7L/6P 0.18
9 5L/5P+40 0.26 25 5L/4P+40 0.24 Note: L = linkers; P = Mans; +40 signifies a
10 4AL/4P+40 0.70 26 6L/5P 0.20 mass increase of 40 MW, corresponding to
11 4L/4P+80 1.22 27 5L4P+40 0.09 an internal crosslink formed through
12 6L/6P+40 0.43 28 5L/5P+80 0.08 reaction of the iodoacetyl moiety with a
13 5L/5P+80 038 59 6L/4P 0.08 neighbouring amino acid functionality.

14 6L/5P 0.49 30 4L/4P+80 0.18
15 5L/5P+40 0.34 31 5L/4P+40 0.31
16 4L/4P+40 0.48 Total Area: 20.75
31
\
27 A 5

Response Units
N
w

194
15
13 15 17 19 21 23
Acquisition time (min)
16
12

Response Units
[ee]

/"1\ 0.178 0.198 0.0803

0.0763

0.181 0314

Acquisition time (min)
Figure S8. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated
chromatogram obtained by use of PeakFit software (below) for ubiquitin conjugate 40.
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Quantifying the degree of conjugation of compound 41:

glycoconjugation of 33 (Man,) to 38.
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Figure S9. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 41. L = linkers, T = tetrasaccharides.
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Table S9. Relative abundance of conjugate species of 41 as

derived from peak integration from the PeakFit analysis of

the UV chromatogram and identified by EIC correlation.

Table $10. Summary of Man,
distribution of conjugate 41.

Peak Identity Area Peak Identity Area 41 Area % Area
1 6L/5T+16 0.23 13 6L/AT 0.30 2 Man, 0.98 9.68
2 6L/6T 0.37 14 6L/2T 0.38 3 Man, 0.33 3.26
3 TL7T 1.40 15 6L/AT 0.54 4 Man, 1.88 18.58
4 6L/5T 1.04 16 6L/2T 0.26 5 Man, 3.77 37.25
5 5L/4T+16 0.30 17 6L/3T 0.15 6 Man, 1.76 17.39
6 6L/5T 1.30 18 6L/3T 0.06 7 Man, 1.40 13.83
7 6L/5T+16 0.20 19 6L/3T 0.12 Total: 10.12 100.00
8 6L/5T 1.00 20 6L/2T 0.17 Average # of Many: 4.9
9 7LI6T 1.00 21 6L/2T 0.10
10 7LI6T 0.39 22 6L/2T 0.07
11 6L/AT 0.33 Total Area: 10.12 | Note:L=linkers;T=Man,

12 6L/4T 0.41
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Figure S10. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated
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Quantifying the degree of conjugation of compound 42: glycoconjugation of 34 (Man;) to 38
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Figure S11. Total lon Current (TIC) chromatogram and extracted-ion chromatograms (EICs) representing
the differentially conjugated ubiquitin species of 42. L = linkers, P = pentasaccharides. Oxidized

products shared similar retention times to their non-oxidized counter parts are were ignored for
simplicity.
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Table S11. Relative abundance of conjugate species of 42 as

derived from peak integration from the PeakFit analysis of

the UV chromatogram and identified by EIC correlation.

Table $S12. Summary of Man;
distribution of conjugate 42.

Peak Identity | Area Peak Identity Area
1 6L/6P 0.89 13 6L/4P 151
2 7LI7P 3.03 14 7L/14P 0.97
3 6L/5P 0.51 15 7L/5P 0.42
4 7LI6P 0.62 16 6L/3P 1.10
5 6L/5P 2.14 17 6L/3P 1.82
6 7L/6P 5.20 18 6L/2P 1.06
7 6L/AP 1.10 19 6L/2P 0.90
8 7LIAP 0.95 20 7L/I3P 0.29
9 7L/5P 1.25 21 6L/2P 0.23

10 6L/4P 1.20 22 7L/I3P 0.28
11 7L/IAP 0.99 23 6L/1P 0.08
12 7L/5P 0.46 Total Area: 26.98
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Figure $12. UV chromatogram (@210 nm) obtained from LC-UV-MS (above) and simulated
chromatogram obtained by use of PeakFit software (below) for ubiquitin conjugate 42.
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VIS

JB-06-57 Tetra-SH 49m4 699.740 MHz H1 1D in d2o (ref. to external acetone @ 2.225 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe!

HO OH
0
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a
1
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STS

B-anomer Compound 1 H-2(br. 5.)

H-1(s) H-2(_br. s.)
H-2(br. 5.) H-5a(m)

T TTT T T T T T T T T T T T[T T T I TTrTTT

T T T T T [ R ARARRERERESTEES T T T T T
5.4 5.3 5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 37 3.6 3.5 34

. Chemical Shift (ppm)
B-anomer after 2 hours in D,O

54 53 52 51 50 49 48 47 | 46 45 44 43 42 41 40 38 38 37 36 35 34
a-anomer isolated after HPLC Chemical Shit (pem) H-2(br 5.)
H-1(s) H-5a(m) H-2(br. s.)
H-1(s) H-1(s) H-1(5) H-33(dd) H-Z(b_r. s.)
s s s s so | a9 48 | 47 | 46 45 | 44 43 42 41 40 39 | 38 a7 36 35 34

Chemical Shift (ppm)



JB-06-56 49m3 699.740 MHz H1 1D in d2o0 (ref. to external acetone @ 2.225 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe
B-anomer

HO OH
HO 0
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e
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HO 0 0
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H-1(s) d 0
H-1(d) 4.Ho

c
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tae O H-2(dd Hg%% o)
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b 0
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o} SH

) W

91S
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JB-05-39 599.926 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 25.8 C -> actual temp = 27.0 C, autoxid probe

Ar(m)
CDCI3 StBu(s)
BzO OAc H-5b(ddd)
BzO 0
BzO BzO OBz H-1a(d)
b 1 BzO 0
(0] SStBu
a CH3C=0(s)
16
H-4b(t) H-1b(d)
H-43(t) H-6a(dd)
H-6b(dd)
H-2b(dd) '
H-2a(dd) H-3b(dd) H-6a(dd)
H-6b(dd) H-3a(dd)
H-5a(ddd)
L T L L DL L T
6.0 55 5.0 4.5 4.0
Chemical Shift (ppm)
H-5b(ddd)
H-6a(dd)
H-4a() H-6b(dd)
-6a(dd
H-4b(t) H-1b(d) a(dd)
-6b(dd
H-2a(dd) || H-3b(dd) H-20(dd) (dd)
H-3a(dd)
H-5a(ddd)
] A A UI Tl l
O B, B B L i L i B i I i . BB —--Airrit L
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 1.0 0.5
Chemical Shift (ppm)
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CDCI3  JB-05-30 499.815 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.7 C -> actual temp = 27.0 C, colddual probe

StBu(s)

OH
B?CZ)D 0 H-1a(d)
BzO . BzO O(B)Z
o@q/ssuau
H-4a(t) .
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' HBb(dd)
H-2a(ad) H-3b(dd) H-6a(dd)
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J J
‘o [ ' s ' 5o 45 ’ 4o
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H-2a(ad) H-3b(dd) ‘
H-3a(dd) ) o (da)
H'5b_,',( H-5a(qdd)
i . A . i
T T T T T T T T T T T T T T T[T T T T
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 15
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JB-05-51 699.752 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

B0\ 0K H-1a(9)
ZBzO
Cc

Stbu(s)

B o§ 0
B%C‘)ZO 0
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JB-05-55 599. 9(26; MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 25.8 C -> actual temp = 27.0 C, autoxid probe

CDCL3

BzO OAC
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BzO
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N A 0 AN
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s T s s Asa LA Maass s e R

59 5.8 5.7 56 5.5 54 5.3 5.2 5.1 5.0 4.9 4.8 4.7 46 4.5 4.4 43 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5
Chemical Shift (ppm)



ArH(m)

[4&

JB-05-84 599.926 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 25.8 C -> actual temp = 27.0 C, autoxid probe

BzO OAc
BzO 0
BzO
c

CH3(C=0)(s)

H-1a(s BzO OAc CH3(C=0)(s
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H-3c(dd H-3b(dd) ol

H-2c(dd) -Gc(ad)

Ha(d
H-2a(dd) ta Hc(dq) H-6b(dd)
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699.738 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

C(CH3)3(s)

H-2b(m) BzO OAc
ArH(m) BzO ~
H-1b(m) BzO
BzO OAc e
BzO 0 0
BzO ; OBz
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H-5e(ddd) BzO OAC ¢ S
H-db(t) H-3a(dd) Bz0 2
— BzO R OBz
H-4d(t y
) H-5b(ddd) 0820 SStBu
H-3e(dd) H-1a(d) @
26
Hi1e(d) CH3(C=0)(s)
H-4c(t) H-14(d) H-6e(fid)
H-3d(dd '
H-de(t (ad) H-1d(d) H-6d(dd) CH3(C=0)(s)
H-3b(dd -
m 4E(t) ( ) | H-Gb(dd) CH3(C—O) S)
H-2a(dd) H 2d(d
H-2c(dd) H-2e(dd) H-6b(dd) H-6a(dd)
H E'DM) Mddd)
T S S — —
6.0 55 5.0 45 3.5
MLAMM Chemical Shift (ppm)
] [MM MMMM 1 AU
T T T T T T T T T T T T T T T T T T T T T T[T T T T T
80 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

Chemical Shift (ppm)



ves

rreetd c 426 1D TOCSY overl Fhae(ed
ompoun overia
-3e(dd) P y H-5e(ddd)
H-2e(dd) H-6e(dd)
M H-1e(d)
6!1 ‘ 6.‘0 ‘ 5!9 ‘ 5.‘8 I ‘ ‘ ‘ I ‘ ‘ I I ‘ I I ‘ I I ‘ I I ‘ ‘ ‘ ‘ ‘ ‘ I 4.‘5 ‘ 4.‘4 I 4.‘3 ‘ 4!2 ‘ 4.‘1 I 4.‘0 ‘ 3!9 ‘ 3.‘8 ‘ 3.‘7 ‘ 3.‘6 I ‘ ‘
H-4d(t) Chemical Shift (ppm) H-5d, H-6d(m)

-2 H-2d(dd)

H-6d(dd)

J

6.1 6.0 5.9 6.8 5.7 5.6 5.5 5.4 6.3 5.2 5.1

5.0 4.9 4.8 4.7 46 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5

H-4c(t) Chemical Shift (ppm)
H-2c(dd H-3c(dd
o{dd) Ho1e) (ad) H-5¢(ddd) H-6c(dd) H-6c(dd)
R A R T L I B L
. 56 65 54 53 52 51 60 49 48 47 46 45 44 43 42 41
H-4b(t) H-1b(s) Chemical Shift (ppm)
X H-5b(dt
H-3b(dd) H-28(m) (dt)
M H-6b(dd) H-6b(dd)
L / M M

61 60 59 58 57 56 55 54 53 52 51
H-2a(dd)

H-4a()

3.6 3.5

5.0 4.9 4.8 4.7 46 4.5 44 43 4.2 4.1 4.0 3.9 3.8 3.7
Chemical Shift (ppm)

H-1a(d)
H-3a(dd)
J A

H-6a(dd) H-6a(ddd)  H-ga(dd)

61 60 59 58 57 56 55 54 53 52 51
H-4bi(f)
H-4d(t) H-2b(m)

H-2d(dd)

H-4c(t) H-3e(dd) H-3b(dd)

H-2a(dd)  H-4e) H.2c(dd) H-3d(dd) H-2e(dd) H-1d(d) H'1°1d) A8 foagaa H-ebraa)  HHEEED) ) o)
WML—ANJLAMMAA—»MF—/N AN

5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5

Chemical Shift (ppm) H-5e(ddd)

H-5b(ddd) H-6e(dd)

H-1a(d) H-6b(dd) H-6d(dd) H-3a(dd) H-6a(dd) H-5a(ddd)

H-6c(dd) H-6a(dd) H-6¢(dd)

¥4V S—

6.1 6.0 59 5.8 5.7 5.6 5.5 5.4 5.3 52 6.1

5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5
Chemical Shift (ppm)




ST

Ar(m)

CDCI3

JB-06-46 699.738 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

CH3(C=0)(s)

Chemical Shift (ppm)

OAc
H-de(t) stéo 5)
BzO
H-4a(t) d
o}
H-30(dd) 520 o
H-3c{dd) H-1b(d) H-Ga(dd) BZ0~e=
H-1d(d) H-6b(dd) Bz0—\ @
H-4d() : ; B0 N[O
' Bz OBz
) H-2d(dd) H-1a(dd s :
H-2a(gd) 3 H-2c(dd) ® B0 SH
H-4p(l) H-Bdl(d) 27 a
H-6a(dd) H-5d(d
H-6b(dd ( (
H-3b(dd) ( ! H-6¢(dd)
‘ - H-6c(d)
H-5b(ddd c(dad) || H-3a(dd) H-5a(dt)
J y
o 55 50 ‘ 45 4o
Chemical Shift (ppm)
SH(A)
Ll N h N
——————— ———— T ———————————————————e et
8.0 75 7.0 8.5 5.0 5.5 5.0 45 4.0 3.5 3.0 25 2.0



9¢s

JB-06-45 599.926 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 25.8 C -> actual temp = 27.0 C, autoxid probe CH3(C=0)(s)
ArH(s) CH3(C=0)(s)

CDCI3 H-de(t) BZBCZ)O Oéc CH3(C=0)(s)
B
H-2a(d) BzBCZ)(O) 0 0
Z
¢ | ng
zO

0
H-4c() Bz0—\ OAc ¢
H d() H-6b(dd) Bzaoo/ﬁfj 1
Ad(t -6 Z OBz
) X - H-5c(ddd
H-4b(t H-1d(d) H-1b(d) Haom e (ddd) b 4820 o
H-3b(dd) -2d(da) | P4, psalm @
K W H-5 n .
1-3e(dd) ’ ) H-6d(dd) | Hipe(dd) H-5a(ddd) 28
H.2k(qay H-3d(dd) H-1a(dd) :
(dd) H-2e(dd) : H-6b(dd)  H-Se(dfld) H-8a(dd)  H-6c(dd)H-6a(dd) H-6¢(dd)
e e ———r — —
55 50 45 4.0 35
Chemical Shift (ppm)
SH(d)

JA | | M o

LA L B s B e

8.0 7.5 7.0 6.5 6.0 55 5.0 4.5 4.0 3.5 3.0 25 2.0
Chemical Shift (ppm)




LTS

Ar{m)

699.738 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

CDCI3
BzO
SCH2CI(d) BzO=
H-1a(s)
y K B
HAa0 52552 CH3C=0(s)
H-3d(dd) SCH2CI(d) g
BzO
H-6b(dd) 82850
H-4b(t) ) . H-6c(dd) z
H (OH-ac(t) H-6a(m) s._Cl
H-4d(m) H-6a(dd) 9 :
H-2d(dd) Horoe) FHoem) H-2c(or. s)
H-3c(dd)
' H-3b(dd) H-5b(ddd H-5a(ddd)
: — — : S — — —
5.5 5.0 4.5 4.0 35
Chemical Shift (ppm)
MMUM jL A
—————— —_— ——————— - A A ————— S —
8.0 7.5 7.0 6.5 6.0 55 3.0 25 2.0

Chemical Shlft (ppm)




8¢S

H-2d(dd) H-1d(s)

Compound29  7° 1D TOCSY overlay H-5d(m)
H-4d(1) : H-6d(m)
H-3d(dd) ed(dd'; )

59 58 5.7 5.6 5.5 5.4 53 5.2 5.1 5.0 4.9 4.8 47 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5

H-3c(dd) Chemical Shift (ppm)
H-4c(t) H-6¢(m) H-=6c:§d)
H—sC(m) H—2C(br. 5.)

R RN LERAR L LARE L s Lo 8 ERR RN RE RSB B AR RA LR R e s EE S AR RAALEAARSE LAaRerETEEEE S ———
59 58 57 56 55 54 53 5.2 5.1 5.0 4.9 4.8 47 46 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 37 36 3.5
Chemical Shift (ppm
H-4b(t) H-5b(dda) (ppm)

H-3b(dd) -6b(dd) H-8b(dd)

H-2b(br. s.)

-1b(s) [\

59 5.8 57 5.6 55 54 53 5.2 51 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 42 4.1 4.0 3.9 3.8 3.7 3.6 3.5
H-4a(t) Chemical Shift (ppm)

H-2a(d) H-6a(dd) H-a(dd) H-5a(ddd)

o e N

5.9 58 5.7 56 55 54 53 5.2 51 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9 3.8 3.7 3.6 3.5
Chemical Shift (ppm
H-3d(dd) i ift (ppm)

SCH2Cl(d) H-8b(dd) H-6¢(dd) H-6d(m)
H-3¢(Ad)  H_4q(m) H-1a(s) LU H-6a(dd) H-6c(d) H-3a(dd)
H-2a(d) i H-‘!l_)(s) H-1d(s) - '
M M qu) i e H-5a(ddd)
»’ww i ~
5!9 I 5.‘8 ‘ 5_I7 I 5!6 ‘ 5.‘5 I 5.|4 ‘ 5.‘3 I 5.52 . K ‘ ; ‘ ) ‘ ‘ ) ‘ I : ‘ I " ‘ ‘ 4.|1 I 4.‘0 ‘ 3.|9 ‘ 3.‘8 ‘ B.ET ‘ 3!6 ‘ 3.‘5 ‘

Chemlcal Shift (ppm)




6¢S

ArH(m)

JB-06-44 699.738 MHz H1 1D in cdclI3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

cDCI3 5520 OCCH3(s)
BzO
H-1a(d) H-ga(dd)  pBz0
SCH2N3(d) "o
H-4a(t) SCH2N3(d) B%Z)g
H-ac(dg) 440 H-6b(dd) ‘ &
H-4b(t) H-4c(t) H-1b(d) 1) H-6a(dd) S. Nz
= dd) H-6¢(dd H-5d(dt
H-3d(dd) ; H-6b(dd) c(dd) (at)
H{5 H-6 H-6
H-2a(dd Hete( c(ddd) H-6c(br. d) d( dd)
H-2d(dd)  H-3b(dd) H-5b(ddd) H-2c(dd) H-3a(dd) H-5a(ddd)
MUTHIL JUNU -
—— —— T — —
Chemical Shift (ppm)
U L MNLM)M Wt
. b, T R A A I
8.0 75 7.0 6.5 6.0 5.5 5.0 3.0 25 2.0

Chemical Shift (ppm)



0€s

CH3(C=0)(s)

JB-06-50 699.738 MHz H1 1D in cdcl3 (ref. to CDCI3 @ 7.26 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe BzO OAc
Ar(m) BZBOZ&% CH3(C=0)(s)
H-2b(dd 3
CDCI3 bled) Bzo—\ OAc  °® CH3(C=0)(s)
H-1a(d) BzO 0O C
" BzO OBz
H-4a(t) d Jgz0 0
H-4c(t) BzO OAc c
Bzé 0 0
H-4d(t) BzO OBz
H-de(t) H-1’d(d) SCHgN3(d) H-Be(m) b o BzO 0 s N,
i ~~
H'ﬂ?(t) Hi1c(d) SCHg_NS(d)- : a
H-3e(dd) Hbd H-1e(d) H-5e{m) 32
H-3d(dd)
----- d e H-5d(s) H-6b(dd
H-3b(dd 4
H-2a(dd) p(da) H-6d(m) | | H-6d(fit) H-6c(ad)
: -2¢(dd) H-2e(dd) H-6a(dd) H-5a(ddd)
-3c(pd) [ H-Ba(dd
- 2 H-6e(m) H-6a(dd) H-6c(dd)

—

45 40 35
Chemical Shift (ppm)

JU L] M oo

L B B B e o L e B e B B

L L L o e L o e e L B L N
8.0 7.5 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20
Chemical Shift (ppm)



T€S

H-1¢e(s)

Compound 32 H-2e(0) H-6e(m) 1D TOCSY overlay
H-4e(m) H-6e(m)
H-3e(dd) H-5e(m)
;ﬂﬂu}\ /'Jk"‘\_,-u,

6.0 59 5.8 5.7 5.6 55 54 5.3

H-3d(dd)

5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9

Chemical Shift (ppm)
H-2d(m) H-6d(m) H-6d(dd)

I Mo

H-l1/d(s)

3.8 3.7 3.6 35 34

6.0 59 5.8 5.7 5.6 55 5.4 5.3

|

5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9
Chemical Shift (ppm)
H-3c(dd)
H-6c(dd)

H-1(s) H-5¢(c)

) m M

3.8 3.7 3.6 35 34

H-60(dd)

M

LN L L M I L L L R L L L B L L L L L L e L R LN R R L N LR NN EE RN AR RS

6.0 5.9 5.8 5.7
H-4bit)

5.6 5.5 54 5.3

H-3b(dd)

)

5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9

Chemical Shift (ppm)
H-6b(m)

H-6b(d) Ajk\
M

H-2b(m)

3.8 37 3.6 35 34

6.0 5.9 5.8 5.7 5.6 55 54 53

H-4a(t)
H-2a(d)

L

5.2 5.1 5.0 4.9 4.8 47 46 4.5 4.4 43 42 4.1 4.0 3.9
Chemical Shift (ppm)

H-3a(dd)
H-1a(s) H-5a(m)

3.8 37 3.6 35 34

H-Ba(d)

6.0 59 58 5.7 5.6 55 54 53

H-Ga(dd)
A i M.
T

5.2 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 3.9
Chemical Shift (ppm)

J

3.8 37 3.6 35 34

) . H-5
Heet) H.30(d0) H-2d(dd) H-Bb(dd) e H.eag)  H-6C(dd)
. 0 He ) H-6b :
Hoadd) 0 hoca) Ho3b(a) Hooe(d)  H-10(d) H-19Q H1e() Hegm)  Heed(da) (m) HeSe(ddd) H-5a(ddd)  H-ga(dd) H-6c(dd)
N JL it AR A
R e e e

5.9 5.8 5.7 5.6 5.5 5.4 5.3

5.2 5.1 5.0 4.9 4.8 47 46 4.5 4.4 4.3 42 4.1 4.0 3.9
Chemical Shift (ppm)

3.8 37 3.6 35 34




[43

JB-06-52 44 min HPLC fraction 699.740 MHz H1 1D in d2o (ref. to external acetone @ 2.225 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

H-5/6d(m)
H-5/6b(m)
H-4a(t)
H-6¢(dd)
H-gd(m) H-Ga(n:-i)-%(t)
Hete(d) H-1a(s) SCHANAED H-20(cd) HeagH3ae) ||
H1b(c) Hhdd) SCH2N3(d) H-2d(dd) H-3c(dd) H-6c(dd) l%c(m) Ho4d(t)
Fﬂ p H-2wa(d) H-2b(dd) H-3b(dd) H.sb(mw || ‘ esada
i a
il I\ J‘Jp n Jl erle_J\ LIUM Jbﬁ WUMW kﬂ\ M

L \

T T
53 5.2 51 5.0 4.9 4.8 47 4‘6 4 5 44 43 4.2 4,1 4‘0 3.9 3.8 3,7 3.6 3.5
Chemical Shift (ppm)

HO-\ OH
HO 0
Ho -

HO-—\ ©
HO o N2
b HO OH
HO G
0 S._N;
a
33 H
S
95 9.0 8.5 8.0 75 7.0 6.5 6.0 55 50 4.5 4.0 35 3.0 25 2.0 1.6 1.0 0.5 0

Chemical Shift (ppm)



€es

H-1d(d)

Compound 33 1D TOCSY overlay H-2d(dd)

H-6d(m)  H-5/6d(m)

H-3q(=dd) H'4d(t)
U IR SR RN B RN B "“\""s"'w'”«l“"\"‘Aw"H|""|"“|”" AR R R BN RN BN RN DA RN SRR RN AR RN SRR RSN AL RERRREN AR RN AR RN
53 52 5.1 5.0 4.9 48 47 46 4.5 4.4 43 42 4.1 40 3.9 38 37 36 35
Chemical Shift (ppm) H-3c(dd) H-4c(t)
H-6c(dd)’
~ H-2c(dd) H-6c(dd)  H-5c(
“H-1c(d)
[ L L I T I L L L L L T L B L L R U L I L B L I B I R I L L B L L L
53 5.2 5.1 5.0 4.9 48 47 46 45 4.4 43 42 4.1 4.0 39 KX 3.7 36 3.5
Chemical Shift (oppm) H-5/6b(m)
H-3b(dd)
H-4b(t)
H-2b(dd) H-Bb(m)
H-1b(d) ﬂ M
T N e e o e L e e o L man e e A e S B e B e
52 5.1 5.0 4.9 48 47 4.6 4.5 4.4 43 42 4.1 4.0 3.9 3.8 3.7 36 35
Chemical Shift (ppm) ~ H-2a(d)
H-6a(m)
H-4a(t)
H-1a(e) H-3a(dd)
H-6a(dd) H-5a(ddd)
H|||\|H‘\H\\\|\||\|\|4H\|‘\||l\|\m‘l\l\;l\l\‘lux“\l\‘\l\\[\l\\|\|\||\|H|Hl|\\|\\‘l\m\l\\l‘l\l\\l\lllmlw\\\|\|\|\\|\H\‘HH|\|||‘\|\\\\l\n‘l\\l\Hw‘l\lll\lwlr‘\\lw\llrwwu\|\|\||\|H|\|h
53 52 5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 42 3.6 3.5
Chemical Shift (ppm)
T
5.1 5.0 4.9 48 47 45 45 4.4 4.3 4.2 4, X . ' 3.6

Chemical Shift (ppm)




VEeS

JB-06-53 59 minute HPLC fraction 699.740 MHz H1 1D in d2o (ref. to external acetone @ 2.22

5 ppm), temp 27.5 C -> actual temp = 27.0 C, coldid probe

H-6¢(m)
H-6b(s)
H-3b(dd) Hede(m)
-4e(m
Hoagm  Fr6d H-edm) e
-5d(m
Hde(m) H-6e(dd) it
H-1b(d) H-6c(m) H-5c(br. s.) H-Ba(br. s.)
H-1a(s) H-1c(d) H-6a(dd) Hec(m)  H-5alcdd)
SCH2N3(d H-2d(ad)
H-1d(d) H-1e(d) (@) scH2n3(d) H-2e(dd
. M M H-2a(d)  H-2c(dd) H-2b(dd)
T \""T""I““l“"l"“l""i""““'\‘““""\“"""‘I“"“"‘I“““"‘\“"""'\""“"‘\""|“"E“"|‘"‘I""l""\"“““ [rerrrTTTTTT
5.1 5.0 4.9 4.8 47 4.4 43 42 4.1 4.0 3.9 3.8 3.7 3.6
Chemical Shift (ppm)
HO OH
HO O
HO
e
OH
HOSA[O 0
HO p O'E')
H i
o [0]
HO—\ OH ¢
HO 0 0
HO OH
b (0}
HO
0 S _Ns
a
34
LIL\-IUL.J.J-.._.
S RSAESSEESESESHISESSSLSSISUUSSHSUSLDSSESHSSSUSUUSSSMSSLUNRSUSSLSSSHUSRSSS S SSHUUSUMLSHISESSSESHINNSSUSHSUSSEUSSESUESSHUMSSSSUSSSUSMUSMSSSSSUMSSSSTSUSMNSESHESSIESUSSMUS————

10.5 100 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 25 2.0 1.5 1.0 0.5 0 -0.5 1.0 -15

Chemical Shift (ppm)



GES

Compound 34 1D TOCSY overlay H-3e(dd) H-de(t
H-2e(br. s.) H-6e(dd) '
H-1e(d) -
N M__J
R A R R N M e i -, B S - s ilisiiii it A i, L s i S A O O O O R A R S R R e e ————
5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.‘3 4.2 4.1 4.0 3.9 3.8 3.7 3.6
H-1d(s) Chemical Shift (ppm) H-2d(br. s.)
H-5d, H-6d(m) H-4d(t)
H-3d(dd) H-6d(br. s.)
Ao _/VWL M
S S —— S S A S ——
5.1 5.0 4.9 4.8 4.7 46 4.5 4.4 4.3 4.2 41 4.0 3.9 3.8 37 3.6
H-1c(d ical Shi
c(d) Chemical Shift (ppm) H-20(br. 5.)
H-3¢(m)
H-6¢(d) H-6¢(d)
o
e e e e e e e . e e e o o e o
5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 41 4.0 3.9 3.8 37 3.6
H-1b(s Chemical Shift (ppm) H-2b(br. s.
© e Hebm)  Heso(m)
JL H-3b(dd) Heodd)
| I L L B L L L L L L L L L DL L L L L L L L L I L L L L LR L L L DL LR L LR B
51 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0 39 3.8 37 3.6
Chemical Shift (ppm) H-2a(d)
H-3a(dd)
H-1a(s) H-4a(t)
| H-6a(dd) M"d) H-5a(ddd)
R R R R R R R R AR AR R R AR AR R RR R R R R R R R T S e e B B
51 5.0 49 48 47 46 4.5 4.4 4.3 42 4.1 4.0 3.9 3.8 3.7 3.6
Chemical Shift (ppm) H-3d(m) H-6abr. s.) H-5e(m)
H—Ga(dd) H—4C(_m) H-3a(dd) H-4d(t)
H-1b(d) H-1c(d) H-2d(dd) H-6c(m)
H-1a(s) - H-5¢c(br. s.) H-6c(m)  H-5a(ddd)
H-1d(d) H-1e(d) SCH2N3(d) SCH2N3(d) H-2a(d) H-2¢(dd) H-2b(dd) H-2e(dd) 3e(dd)
AN_J\ LR J\JL J U M AN S MM%MMM
L e A e
5.1 5.0 4.9 4.8 4.7 4.6 4.5 4.4 4.3 4.2 4.1 4.0

Chemical Shift (ppm)




