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General

All NMR spectra were recorded in 500 mM deuterated acetate buffer using a Bruker Avance llI
600 instrument. *H chemical shifts are referenced to the TSP signal (& = 0.00 ppm). **C
chemical shifts are referenced to [D4]acetic acid (6c = 21.0 ppm). The multiplicity of pseudo
triplets is abbreviated "t”. *Jc1.41 coupling constants were determined from non-decoupled HSQC
NMR spectra. In Figures S1B-S7B, S9B-S11B, S13B-S21B, S23B-S29B, and S31B-S33B
exponential curve fitting is shown for the combined yields.
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Reaction of Glc with O-Ethylhydroxylamine (11)

Table S1. Characteristic NMR data of products obtained by the reaction of glucose with
O-ethylhdroxylamine (11).

HO HO HO OEt HO
(e} HO OH HO OH | O H
HQ&NNOH + HN-OEt Ho&\rﬂ ~ogt | HO oN o+ MG N,
HO HO H HO H HO H OEt

Glucose (E)-Oxime (2)-Oxime B-N-Pyranoside
Product Proton o (H) (ppm) Multiplicity, *Jpn (Hz) Carbon o (C) (ppm)
(E)-Oxime H-1 7.53 d, 6.7 C-1 150.5
H-2 4.40 “t”, 6.9 C-2 70.2
H-3 3.95 dd,7.1,1.4 C-3 71.3
H-4 3.58 dd, 8.4,1.4 C-4 70.6
(Z)-Oxime H-1 6.90 d, 6.3 C-1 151.6
H-2 4.94 “”, 6.2 C-2 65.9
H-3 3.95 dd, 6.2, 2.6 C-3 71.2
H-4 3.58 m C-4 70.6
B-N- H-1 4.27 d, 9.2 C-1 89.6
Pyranoside  H-2 3.36 ‘7, 9.1 c-2 69.6
H-3 3.52 “”,9.1 C-3 77.2
H-6a 3.90 dd, 12.4, 2.0 C-6 60.4
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Figure S1. Ligation reaction of glucose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 3. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S2. Ligation reaction of glucose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 4. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S3. Ligation reaction of glucose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 4.5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting
material and products over time.
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Figure S4. Ligation reaction of glucose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S5. Ligation reaction of glucose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 6. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S6. Ligation reaction of glucose with 2.0 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S7. Ligation reaction of glucose with 2.0 equiv of O-ethylhdroxylamine (11) at 39 °C and
pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S8. Ligation reaction of glucose with 2.0 equiv of O-ethylhdroxylamine (11) at pH 5. Re-
equilibration at 60 °C after the sample had been equilibrated at 39 °C. A) *H NMR spectrum (600
MHz) after equilibration. B) Individual yields of starting material and products over time.
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Reaction of GIcNAc with O-Ethylhdroxylamine (11)

Table S2. Characteristic NMR data of products obtained by the reaction of GIcNAc with
O-ethylhdroxylamine (11)

HO HO HO OEt HO
(e} HO OH HO OH | O H
Hﬁ’&ﬂﬂOH + H,N-OEt HC&\(/N ~ogt | HO oN o+ MG N,
AcHN AcHN H AcHN H AcHN H OEt
(E) )

GIcNAc E)-Oxime (2)-Oxime B-N-Pyranoside

Product Proton o (H) (ppm) Multiplicity, *Jyn (Hz) Carbon o(C) (ppm)

(E)-Oxime H-1 7.49 d, 6.2 c-1 148.8
H-2 4.71 “t', 6.7 C-2 51.5

H-3 4.08 dd, 7.4, 1.7 C-3 69.5

(2)-Oxime H-1 6.83 d, 6.4 c-1 149.0
H-2 5.07 “t’, 6.6 C-2 48.2

H-3 4.13 m C-3 69.7

B-N- H-1 4.33 d, 9.8 c-1 88.2
Pyranoside H-2 3.87 m C-2 70.2
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Figure S9. Ligation reaction of GIcNAc with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S10. Ligation reaction of GIcNAc with 2.0 equiv of O-ethylhdroxylamine (11) at 27 °C and
pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S11. Ligation reaction of GIcNAc with 2.0 equiv of O-ethylhdroxylamine (11) at 39 °C and
pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting material
and products over time.
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Figure S12. Ligation reaction of GIcNAc with 2.0 equiv of O-ethylhdroxylamine (11) at 21 °C and
pH 5. *H NMR spectrum (600 MHz) after equilibration.
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Reaction of 2-Deoxyglucose with O-Ethylhdroxylamine (11)

Table S3. Characteristic NMR data of products obtained by the reaction of
2-deoxyglucose with O-ethylhdroxylamine (11).

HO HO HO OFEt
Q HO OH HO OH |
HE&OH + H,N-OEt Ho&rﬂ\oa o 2N
H H
-Deoxyglucose -OXime -OXime
2-Deoxygl E)-Oxi 2)-Oxi

Product  Proton &(H) (ppm)  Multiplicity, ®Jun (Hz) ~ Carbon (C) (ppm)

(E)-Oxime  H-1 7.58 “t'. 6.5 c-1 151.1
H-2a  2.49-2.44 m c-2 33.1
H-2b  2.64-2.51 m
H-3 4.11 m c-3 68.9
H-4 3.46 dd, 8.5, 1.9 c-4 63.4
H-5  3.81-3.72 m c-5 72.0
H-6a  3.86-3.82 dd, 11.8, 1.8 C-6 64.9
H-6b  3.68-3.62 m

(2)-Oxime  H-1 6.99 “t’, 5.5 c-1 150.7
H-2a  2.74-2.66 m c-2 29.7
H-2b  2.64-2.51 m
H-3 4.14 m c-3 69.2
H-4 3.44 dd, 8.4, 2.1 C-4 63.7
H-5  3.81-3.72 m c-5 72.5
H-6a  3.86-3.82 m C-6 64.0
H-6b  3.68-3.62 m
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Figure S13. Ligation reaction of 2-deoxyglucose with 1.2 equiv of O-ethylhdroxylamine (11) at
27 °C and pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and products over time.
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Reaction of Mannose with O-Ethylhdroxylamine (11)

Table S4. Characteristic NMR data of products obtained by the reaction of mannose with
O-ethylhdroxylamine (11).

H%ﬁﬂ OCH)H OH OEt
HO _
s OH + H,N-OEt ~oRt &H/
OEt
Mannose E)-Oxime Z)-Oxime a-N-Pyranoside

Product Proton  §(H) (ppm)  Multiplicity, *Ju.4 (Hz) Carbon o(C) (ppm)

(E)-Oxime H-1 7.59 d,6.9 c-1 151.8
H-2 4.29 dd, 8.1, 6.9 c-2 69.6
H-3 3.93 m Cc-3 71.4
H-4  3.78-3.74 m Cc-4 70.2
H-5  3.78-3.74 m C-5 71.8
H-6a 3.86 dd, 12.0, 2.4 C-6 64.2
H-6b 3.67 dd, 12.0,5.7

(2)-Oxime H-1 6.98 d,6.8 C1 151.7
H-2 4.91 dd, 7.6, 6.9 C-2 63.5
H-3 3.03 m e 70.6

Pyrg‘x;i o A1 458 d,0.7 c-1 87.1
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Figure S14. Ligation reaction of mannose with 1.2 equiv of O-ethylhdroxylamine (11) at 27 °C
and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting
material and products over time.
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Figure S15. Ligation reaction of mannose with 2.0 equiv of O-ethylhdroxylamine (11) at 27 °C
and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting

material and products over time.

S21



A)

’_mv_‘ L ks T s ’ﬂ—"\ ’_Ov_‘
7‘.5 7‘.0 é.S é.O F;.S 5‘.0 4‘.5 4‘.0f ( 3‘.5) 3‘.0 2‘.5 2‘.0 1‘.5 1‘.0 d.S 6.0 -6.!
1 (ppm
B)
100
90 m  Combined Yield
80 1 e (E)-Oxime
] o0 000000 eeo00000000e A (Z2)-Oxime
70 4 e0®®® (a+B) Man
] e® » a-N-Pyranoside
60 L
’\.? 4
< 504
° l
o) °
D 404
> 0 ]
30
20
104 R AAAALAAAAAALLAL AAAAAAAAAA
0 ‘f‘:b (393924 324 49423¢ 2 222 229424
T T T T T T T T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
t (h)

Figure S16. Ligation reaction of mannose with 2.0 equiv of O-ethylhdroxylamine (11) at 39 °C
and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting
material and products over time.
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Reaction of N,N'-Diacetylchitobiose with O-Ethylhdroxylamine (11)

Table S5. Characteristic NMR data of products obtained by the reaction of N,N'-diacetylchitobiose
with O-ethylhdroxylamine (11).

HO

HO HO HO
HO %0 OH + HN-OEt HO %0 N, HO N,
AcHN AcHN AcHN AcHN ! OEt ACHN AcHN AcHN AcHN ! OEt

N,N'-Diacetylchitobiose (E)-Oxime Z)-Oxime B-N-Pyranoside
Product Proton o (H) (ppm) Multiplicity, %3y (Hz) Carbon 0(C) (ppm)

(E)-Oxime H-1 7.60 d, 5.3 C-1 149.6
H-2 4.93 dd, 7.5,5.3 C-2 50.6

H-3 4.07 dd, 7.5, 2.1 C-3 68.7

(2)-Oxime H-1 6.95 d, 5.6 C-1 149.5
H-2 511 “”, 5.9 C-2 47.9

H-3 4.16 m C-3 68.2

B-N- H-1 4.33 d, 9.8 C-1 88.1
Pyranoside  H-2 3.88 m c-2 69.1
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Figure S17. Ligation reaction of N,N™-diacetylchitobiose with 2.0 equiv of O-ethylhdroxylamine

(11) at 27 °C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields
of starting material and products over time.
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Reaction of Glucose with O-Benzylhdroxylamine (18)

Table S6. Characteristic NMR data of products obtained by the reaction of glucose with
O-benzylhdroxylamine (18).

HO HO HO OBn HO
(0] HO OH HO OH | O H
HR&NHOH + HoN-0Bn Hc&\fN\OBn "o oN o+ MG N,
HO HO | HO | Ho [ "OBn

Glucose (E)-Oxime (Z)-Oxime B-N-Pyranoside
Product Proton  §(H) (ppm)  Multiplicity, 23,4 (H2) Carbon o (C) (ppm)
(E)-Oxime H-1 7.58 d, 6.8 C-1 152.8
H-2 4.37 dd, 7.2,6.8 C-2 70.9
H-3 3.92 dd, 7.2,1.7 c-3 71.5
H-4 3.49 dd, 8.5, 1.8 C-4 70.7
H-5 3.72 ddd, 8.9, 6.2, 2.7 C-5 71.7
H-6a 3.79 dd, 12.3,2.7 C-6 63.5
H-6b 3.58 dd, 12.3, 6.3
(2)-Oxime H-1 6.90 d, 6.1 C-1 153.8
H-2 4.97 “t, 6.1 C-2 67.2
H-3 3.96 dd, 6.0, 2.6 C-3 71.1
H-4 3.60-3.52 m C-4 71.7
B-N-- H-1 4.27 d, 9.1 C-1 91.2
Pyranoside H-2 3.44-3.35 m C-2 .
H-3 3.48 m C-3 -
H-4 3.76-3.69 m C-4 -
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Figure S18. Ligation reaction of glucose with 1.2 equiv of O-benzylhdroxylamine (18) at 27 °C
and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting
material and products over time.
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Reaction of GIcNAc with O-Benzylhdroxylamine (18)

Table S7. Characteristic NMR data of products obtained by the reaction of GIcNAc with
O-benzylhdroxylamine (18).

HO HO HO OBn HO
O HO OH HO OH |\ O H
Hﬁo&gﬂm + HN-OBn Hc&\fN\OBn * "Ho ZN o HGS N,
AcHN AcHN | AcHN | AcHN | 0Bn

GleNAC (E)-Oxime (Z)-Oxime B-N-Pyranoside
Product  Proton &(H) (ppm) Multiplicity, *Jun (Hz) Carbon  5(C) (ppm)
(E)-Oxime  H-1 7.53 d, 6.0 C-1 152.8
H-2 4.66-4.64 dd, 7.3, 6.4 C-2 51.7
H-3 4.04 dd, 7.6, 1.8 C-3 69.1
H-4 3.48-3.44 m C-4 75.7
(2)-Oxime H-1 6.84 d, 6.3 C-1 153.8
H-2 5.11 “t”, 6.7 C-2 48.4
H-3 4.11 dd, 7.0, 2.5 C-3 68.5
H-4 3.45 m C-4 73.9
B-N- H-1 4.26 d, 9.9 C-1 90.1
Pyranoside  H-2 3.82 m Cc-2 -
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Figure S19. Ligation reaction of GIcNAc with 1.2 equiv of O-benzylhdroxylamine (18) at 27 °C
and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting

material and products over time.
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Reaction of 2-Deoxyglucose with O-Benzylhdroxylamine (18)

Table S8. Characteristic NMR data of products obtained by the reaction of 2-deoxyglucose with
O-benzylhdroxylamine (18). Determined 'Jci.4:: 162.8 Hz (E)-Oxime, 175.4 Hz (Z)-Oxime

HO HO HO OBn HO
(e} HO OH HO OH | O H
HQE&NOH + H,N-OBn Ho&\r/"‘\wn " "Ho oN M N,
OBn
H H H

2-Deoxyglucose (E)-Oxime (2)-Oxime B-N-Pyranoside
Product Proton o (H) (ppm) Multiplicity, Jy. (Hz) Carbon 0(C) (ppm)

(E)-Oxime H-1 7.64 “t’, 6.4 C-1 151.2
H-2a 251 ddd,14.7, 8.5, 6,6 C-2 32.7
H-2b 2.44 ddd, 14.7,6.3, 5,1
H-3 4.08 ddd, 8.5,5.1, 2.0 C-3 66.8
H-4 3.43-3.39 m C-4 71.6
H-5 3.74-3.70 m C-5 70.3
H-6a 3.81-3.79 m C-6 62.3
H-6b 3.66-3.54 m

(2)-Oxime H-1 7.00 “", 5.5 C-1 151.7
H-2a 2.61 d’t’, 16.1, 5.0 C-2 29.5
H-2b 2.72 ddd, 16.1, 9.0, 5.5
H-3 4.13 ddd, 9.0, 5.0, 2.2 C-3 66.5
H-4 3.43-3.39 m C-4 72.0
H-5 3.74-3.70 m C-5 70.3
H-6a 3.83-3.81 m C-6 62.3
H-6b 3.66-3.54 m

Pyrg;ll:)l-side H-1 4.51 dd, 11.1, 2.0 C-1 -
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Figure S20. Ligation reaction of 2-deoxyglucose with 1.2 equiv of O-benzylhdroxylamine (18) at
27 °C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and products over time.
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Reaction of Mannose with O-Benzylhdroxylamine (18)

Table S9 Characteristic NMR data of products obtained by the reaction of mannose with

O-Benzylhdroxylamine (18).

HO on
HY OH + H,N-OBn

Mannose

&gr .

N

OBn

a-N-Pyranoside

Product Proton  &(H) (ppm)  Multiplicity, 3JH_H (Hz) Carbon o(C) (ppm)

(E)-Oxime H-1 7.64 d, 6.9 C-1 153.9
H-2 4.27 dd, 8.1, 6.9 C-2 69.3
H-3 3.90 dd, 8.1, 1.0 C-3 71.3
H-4 3.69 m C-4 67.4
H-5 3.77-3.71 m C-5 71.3
H-6a 3.84 dd, 12.0, 2.3 C-6 63.8
H-6b 3.67-3.62 m

(2)-Oxime H-1 6.98 d, 6.7 C-1 153.8
H-2 4.95 dd, 7.6, 6.8 C-2 77.9
H-3 3.95-.3.92 m C-3 71.0

Pyrgr_g-si o Rl 451 d, 1.0 c-1 88.5
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Figure S21. Ligation reaction of mannose with 1.0 equiv of O-benzylhdroxylamine (18) at 27 °C
and pH 5. A) '"H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting

material and products over time.
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Reaction of Glucose with 2,2,2-Trifluoroethoxyamine (19)

Table S10. Characteristic NMR data of products obtained by the reaction of glucose with
2,2,2-trifluoroethoxyamine (19).

HO

HO oF
o] /s OH

HI—?O&NOH + HyN-O = HI-?OA&\(/ 4&\’/ )gﬂ/
HO HO L

Glucose (E)-Oxime (Z)-Oxime B-N-Pyranoside
Product Proton S(H) (ppm)  Multiplicity, J,. (Hz) Carbon 0 (C) (ppm)
(E)-Oxime H-1 7.68 d, 6.4 C-1 154.2
H-2 4.44 dd, 6.9, 6.4 C-2 71.2
H-3 3.97 dd, 7.0, 1.8 C-3 72.1
H-4 3.59 dd, 8.5, 1.8 C-4 71.1
H-5 3.79-3.75 m C-5 72.0
H-6a 3.85-3.81 m C-6 63.9
H-6b 3.67-3.59 m
(2)-Oxime H-1 7.01 d, 6.2 C-1 155.7
H-2 5.00 ‘1", 5.8 C-2 67.4
H-3 4.00 dd, 5.8, 2.8 C-3 71.4
H-6a 3.82-3.79 m C-6 63.9
B-N- H-1 4.34 d, 9.1 C-1 91.5
Pyranoside H-2 3.38 dd, 9.1, 8.0 C-2 78.2
H-3 3.51 “”, 9.1 C-3 77.9
H-4 3.41-3.35 m C-14 70.5
H-5 3.48-3.41 m C-5 78.4
H-6a 3.92-3.87 m C-6 61.8
H-6b 3.72 m
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Figure S22. Ligation reaction of glucose with 1.2 equiv of 2,2,2-trifluoroethoxyamine (19) at 27
°C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of starting
material and products over time.
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Reaction of Glucose with O-Ethyl-N-Methylhydroxylamine (20)

Table S11. Characteristic NMR data of product obtained by the reaction of glucose with
O-ethyl-N-methylhydroxylamine (20).

HO HO
Hﬁ’o&&ﬂw , Hll\l—OEt H,%&%/N/\
HO HOH OEt
Glucose B-N-Pyranoside
Product Proton  §(H) (ppm)  Multiplicity, ®J4 (Hz) ~ Carbon 0 (C) (ppm)

B-N- H-1 4.14-4.08 d, 8.6 C-1 91.9
Pyranoside  H-2 3.55-3.47 m C-2 68.7
H-3 3.42-3.35 m C-3 75.9
H-4 3.96-3.89 m C-4 68.2
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Figure S23. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)
at 21 °C and pH 3. *H NMR spectrum (600 MHz) after equilibration.
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Figure S24. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)

at 21 °C and pH 4. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S25. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)
at 21 °C and pH 4.5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S26. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)
at 21 °C and pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S27. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)

at 21 °C and pH 6. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S28. Ligation reaction of glucose with 1.2 equiv of O-ethyl-N-methylhydroxylamine (20)
at 39 °C and pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S29. Ligation reaction of glucose with 2.0 equiv of O-ethyl-N-methylhydroxylamine (20)
at 39 °C and pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and product over time.
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Figure S30. Ligation reaction of glucose with 2.0 equiv of O-ethyl-N-methylhydroxylamine (20)
at pH 5. Re-equilibration at 60 °C after the sample had been equilibrated at 39 °C. A) 'H NMR
spectrum (600 MHz) after equilibration. B) Individual yields of starting material and product over
time.
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Figure S31. Ligation reaction of glucose with 2.0 equiv of O-ethyl-N-methylhydroxylamine (20)
at 21 °C and pH 5. *H NMR spectrum (600 MHz) after equilibration.
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Reaction of GIcNAc with O-Ethyl-N-Methylhydroxylamine (20)

Table S12. Characteristic NMR data of product obtained by the reaction of GIcNAc with O-ethyl-
N-methylhydroxylamine (20).

HO HO
Hﬁ&&NOH + Hll\l—OEt HHO&%/N/\
AcHN AcHNH OEt
GlcNAC B-N-Pyranoside
Product Proton  §(H) (ppm)  Multiplicity, ®J4 (Hz) ~ Carbon o (C) (ppm)

B-N- H-1 4.20 d, 9.7 C-1 90.4
Pyranoside  H-2 3.98 “t’,9.7 C-2 51.2
H-3 3.53 dd, 10.0, 8.9 C-3 74.3
H-4 3.44 m C-4 68.5
H-5 3.40 ddd, 9.8,5.3, 2.1 C-5 76.5
H-6 3.81-3.72 m C-6 59.6

S45



A)

/N

—— —_—— T T T T T T T
54 52 50 48 46 4.4 4.2 40 3.8 3.6 3.4 3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 0.2 0.0 -0.2 -0.4 -0.6
f1 (ppm)

e
g

139.34{ L

17.18 {
) S—
18.00

]
-

B)
100 -

90 J ®  (-N-pyranoside
80 —
70 —
60 —
50 -

40

Yield (%)

30

20 +

10 +

T T T T T T T T T T T
0 20 40 60 80 100 120
t(h)

Figure S32. Ligation reaction of GIcNAc with 2.0 equiv of O-ethyl-N-methylhydroxylamine (20) at
39 °C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration. B) Individual yield of product
over time.
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Reaction of 2-Deoxyglucose with O-Ethyl-N-Methylhydroxylamine (20)

Table S13. Characteristic NMR data of product obtained by the reaction of 2-deoxyglucose with
O-ethyl-N-methylhydroxylamine (20).

HO | HO
(0] O /
HHO&OH +  HN-OEt Hﬁ’o&ﬁ/rﬂ

! "OEt
2-Deoxyglucose B-N-Pyranoside
Product Proton  S§(H) (ppm)  Multiplicity, *Ju (Hz) — Carbon 0(C) (ppm)
_ H-1 4.34 dd, 11.0, 1.8 C-1 89.6
B-N-Pyranoside

H-2a 1.75-1.67 m C-2 355
H-2b 2.16-2.10 m
H-3 3.78-3.72 m C-3 70.8
H-4 3.78-3.72 m C-4 70.4
H-5 3.34 ddd, 9.7, 5.6, 2.2 C-5 77.1
H-6a 3.78-3.72 m C-6 -
H-6b 3.78-3.72 m
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Figure S33. Ligation reaction of 2-deoxyglucose with 1.2 equiv of O-ethyl-N-

methylhydroxylamine (20) at 39 °C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration.
B) Individual yields of starting material and product over time.
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Reaction of Mannose with O-Ethyl-N-Methylhydroxylamine (20)

Table S14. Characteristic NMR data of products obtained by the reaction of mannose with
O-ethyl-N-methylhydroxylamine (20). Determined *Jci.n1: 158.3 Hz (a-N-mannofuranoside),
163.0 Hz (a-N-mannopyranoside), 149.3 Hz (3-N-mannopyranoside)

HO
HO— oH HO— oH HO— oH HO—
HQ&&NOH Hll\lfOEt Hﬁc&g/H + HHO&%/N/\ * %g—Y\NOEt
OEt
N okt H HOHO/
Mannose a-N-Pyranoside B-N-Pyranoside a-N-Furanoside
Product Proton  §(H) (ppm)  Multiplicity, ®Jy. (Hz) Carbon  5(C) (ppm)
) H-1 4.52 d 7.1 C-1 97.3
a-N-Furanoside
H-2 4.39 dd, 7.1, 4.3 C-2 72.1
H-3 4.29 dd, 4.3,2.4 C-3 71.0
H-4 4.02-3.97 m C-4 79.6
H-5 3.68-3.62 m C-5 -
_ H-1 4.16 d, 2.2 C-1 93.4
o-N-Pyranoside
H-2 421 dd, 3.4,2.2 C-2 68.0
H-3 3.92-3.87 m C-3 70.5
H-4 - - C-4 66.4
H-5 - - C-5 75.1
) H-1 4.17 d, 0.9 C-1 92.2
B-N-Pyranoside
H-2 411 dd, 2.9,0.9 C-2 69.1
H-3 3.68-3.62 m C-3 73.5
H-4 - - C-4 66.3
H-5 3.41-3.36 m C-5 77.8
H-6a 3.78-3.70 m C-6 -
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Figure S34. Ligation reaction of mannose with 2.0 equiv of O-ethyl-N-methylhydroxylamine (20)
at 39 °C and pH 5. A) 'H NMR spectrum (600 MHz) after equilibration. B) Individual yields of
starting material and products over time.
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Reaction of N,N'-Diacetylchitobiose with O-Ethyl-N-Methylhydroxylamine (20)

Table S15.

Characteristic

NMR data of

product obtained by

N,N'-diacetylchitobiose with O-ethyl-N-methylhydroxylamine (20).

the reaction

of

HO HO
HO Q o o |
HO o OH + HN-OEt

HO HO
HO O o
HO 96
AcHN AGHN |

[
N

AcHN  HO-=2 “OEt
N,N'-Diacetylchitobiose B-N-Pyranoside
Product Proton  §(H) (ppm)  Multiplicity, 3, (Hz)  Carbon 0 (C) (ppm)
B-N- H-1 4.19 d, 9.7 C-1 90.9
Pyranoside H-2 4.07-3.98 m C-2 51.3
H-3 3.71-3.55 m C-3 73.0
H-4 3.55-3.42 m C-4 68.9
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Figure S35. Ligation reaction of N,N™-diacetylchitobiose with 2.0 equiv of O-ethyl-N-

methylhydroxylamine (20) at 39 °C and pH 5. A) *H NMR spectrum (600 MHz) after equilibration.
B) Individual yield of product over time.
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Determination of T1 times

A)
7
T ‘ T T T T T T | T T T T T T | T T T T T ‘
7.50 5.00 2.50 ppm
B)
Fitted function: fit) = lo * [1 - 2%exp (-HT1)]
Random ermor estimation of data: RMS per spectrum (or trace/plane)
Syatematic error estimation of data: worst case per peak scenario
Fit parameter Error estimation method: from fit using arbitray v uncertainties
Confidence level: 95%
Used peaks:
Uszed integrals: peak intensities
Uszed Mixing time: all values (including replicates) used
Peak name F2 [ppm] lo emor 11 [=] Eermor

1 7447 1.47e+05 7.523e+04 235 0.22086
2 6.814 4 35e+05 1.344=+04 3.19 01587
3 5144 B.3%e+05 1.031=+04 2584 0.07728
4 4 557 2 75ek05 2.858=+04 1.28 02853
5 4.185 4 03e+05 3.701e+04 0.947 0.1910
B 1.162 3.48e+07 4 075e+05 2.30 004560
7 1.097 141e+07 1.948e+05 3.90 0.08061
B -0.089 1 60e+07 7.490e+04 3.39 002500

Figure S36. Determination of T1 times of compounds present during the reaction of glucose with
1.2 equiv of O-ethylhydroxylamine (11) at 27 °C and pH 6. A) *H NMR spectrum (600 MHz) after
equilibration B) Calculation of T1 times from the data obtained in Figure A.
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