Synthesis

Reviews and Full Papers in Chemical Synthesis

Supporting Information
for DOI: 10.1055/s-0040-1706101

© 2020. Thieme. All rights reserved.
Georg Thieme Verlag KG, RiidigerstraBe 14, 70469 Stuttgart, Germany

@ Thieme



Synthesis of sp3-enriched B-fluoro sulfonyl chlorides

Rustam Gurbanov,* Andriy Sokolov,*” Sergey Golovach,? Kostiantyn Melnykov,*
Alexey V. Dobrydnev,*® Oleksandr O. Grygorenko**”

BIEnamine Ltd. (www.enamine.net) Chervonotkatska Street 78, Kyiv 02094, Ukraine

ITaras Shevchenko National University of Kyiv, Volodymyrska Street 64, Kyiv 01601, Ukraine

*Corresponding author. E-mail: gregor@univ.kiev.ua.

Table of contents.

b

1. | 'H NMR spectrum of the compound 2c. S9
2. | °C NMR spectrum of the compound 2c. S10
3. | *F NMR spectrum of the compound 2c. S11
4. | 'H NMR spectrum of the compound 2d. S12
5. | °C NMR spectrum of the compound 2d. S13
6. | ™F NMR spectrum of the compound 2d. S14
7. | 'H NMR spectrum of the compound 2f: S15
8. | °C NMR spectrum of the compound 2f. S16
9. | F NMR spectrum of the compound 2f. S17
10 | *H NMR spectrum of the compound 2l. S18
11 | **C NMR spectrum of the compound 21. S19
12 | *F NMR spectrum of the compound 2. S20
13 | *H NMR spectrum of the compound 2m. S21
14 | 3C NMR spectrum of the compound 2m. S22
15 | *F NMR spectrum of the compound 2m. S23
16 | *H NMR spectrum of the compound 2n. S24
17 | 3C NMR spectrum of the compound 2n. S25

S1




18 | ™F NMR spectrum of the compound 2n. S26
19 | *H NMR spectrum of the compound 2p. S27
20 | 3C NMR spectrum of the compound 2p. S28
21 | F NMR spectrum of the compound 2p. S29
22 | 'H NMR spectrum of the compound 2q. S30
23 | *C NMR spectrum of the compound 2q. S31
24 | F NMR spectrum of the compound 2q. S32
25 | 'H NMR spectrum of the compound 2v. S33
26 | °C NMR spectrum of the compound 2v. S34
27 | F NMR spectrum of the compound 2v. S35
28 | 'H NMR spectrum of the compound 2w. S36
29 | *C NMR spectrum of the compound 2w. S37
30 | ™F NMR spectrum of the compound 2w. S38
31 | 'H NMR spectrum of the compound 3a. S39
32 | ©*C NMR spectrum of the compound 3a. S40
33 | ™F NMR spectrum of the compound 3a. S41
34 | 'H NMR spectrum of the compound 3b. S42
35 | *C NMR spectrum of the compound 3b. S43
36 | ™F NMR spectrum of the compound 3b. S44
37 | 'H NMR spectrum of the compound 3c. S45
38 | *C NMR spectrum of the compound 3c. S46
39 | ®F NMR spectrum of the compound 3c. s47
40 | 'H NMR spectrum of the compound 3d. S48

S2




41 | C NMR spectrum of the compound 3d. S49
42 | F NMR spectrum of the compound 3d. S50
43 | 'H NMR spectrum of the compound 3e. S51
44 | ©*C NMR spectrum of the compound 3e. S52
45 | ©F NMR spectrum of the compound 3e. S53
46 | 'H NMR spectrum of the compound 3f. S54
47 | 3C NMR spectrum of the compound 3f. S55
48 | ©F NMR spectrum of the compound 3f: S56
49 | *H NMR spectrum of the compound 3h. S57
50 | ©*C NMR spectrum of the compound 3h. S58
51 | F NMR spectrum of the compound 3h. S59
52 | 'H NMR spectrum of the compound 3i. S60
53 | ©*C NMR spectrum of the compound 3i. S61
54 | ®F NMR spectrum of the compound 3i. S62
55 | '"H NMR spectrum of the compound 3j. S63
56 | 3C NMR spectrum of the compound 3j. S64
57 | ™F NMR spectrum of the compound 3;j. S65
58 | 'H NMR spectrum of the compound 3k. S66
59 | ©*C NMR spectrum of the compound 3k. S67
60 | ™F NMR spectrum of the compound 3k. S68
61 | "H NMR spectrum of the compound 31. S69
62 | *C NMR spectrum of the compound 3. S70
63 | ©°F NMR spectrum of the compound 3L S71

S3




64 | 'H NMR spectrum of the compound 3m. S72
65 | *C NMR spectrum of the compound 3m. S73
66 | ">F NMR spectrum of the compound 3m. S74
67 | 'H NMR spectrum of the compound 3n. S75
68 | *C NMR spectrum of the compound 3n. S76
69 | ™F NMR spectrum of the compound 3n. S77
70 | 'H NMR spectrum of the compound 3o. S78
71 | *C NMR spectrum of the compound 3o. S79
72 | ™F NMR spectrum of the compound 3o. S80
73 | 'H NMR spectrum of the compound 3p. s81
74 | C NMR spectrum of the compound 3p. S82
75 | F NMR spectrum of the compound 3p. S83
76 | '"H NMR spectrum of the compound 3r. S84
77 | 3C NMR spectrum of the compound 3r. S85
78 | ™F NMR spectrum of the compound 3r. S86
79 | 'H NMR spectrum of the compound 3s. S87
80 | ©*C NMR spectrum of the compound 3s. S88
81 | ™F NMR spectrum of the compound 3s. S89
82 | 'H NMR spectrum of the compound 3t. S90
83 | *C NMR spectrum of the compound 3t. S91
84 | F NMR spectrum of the compound 3t. S92
85 | 'H NMR spectrum of the compound 3u. S93
86 | °C NMR spectrum of the compound 3u. S94

S4




87 | F NMR spectrum of the compound 3u. S95
88 | 'H NMR spectrum of the compound 3v. S96
89 | ©*C NMR spectrum of the compound 3v. S97
90 | ™F NMR spectrum of the compound 3v. S98
91 | *H NMR spectrum of the compound 3w. S99
92 | *C NMR spectrum of the compound 3w. $100
93 | F NMR spectrum of the compound 3w. S101
94 | 'H NMR spectrum of the compound 4a. S102
95 | C NMR spectrum of the compound 4a. S103
96 | ™>F NMR spectrum of the compound 4a. S104
97 | *H NMR spectrum of the compound 4b. S105
98 | *C NMR spectrum of the compound 4b. S106
99 | ™F NMR spectrum of the compound 4b. 5107
100 | *H NMR spectrum of the compound 4c. S108
101 | *C NMR spectrum of the compound 4c. S109
102 | F NMR spectrum of the compound 4c. S110
103 | 'H NMR spectrum of the compound 4d. S111
104 | *C NMR spectrum of the compound 4d. S112
105 | ©F NMR spectrum of the compound 4d. S113
106 | 'H NMR spectrum of the compound 4e. S114
107 | **C NMR spectrum of the compound 4e. S115
108 | *F NMR spectrum of the compound 4e. S116
109 | 'H NMR spectrum of the compound 4h. S117

S5




110 | **C NMR spectrum of the compound 4h. S118
111 | *F NMR spectrum of the compound 4h. S119
112 | *H NMR spectrum of the compound 4i. S120
113 | ©*C NMR spectrum of the compound 4i. S121
114 | ©F NMR spectrum of the compound 4i. S122
115 | 'H NMR spectrum of the compound 4;. S123
116 | **C NMR spectrum of the compound 4j. S124
117 | F NMR spectrum of the compound 4;. S125
118 | '"H NMR spectrum of the compound 4k. S126
119 | °C NMR spectrum of the compound 4k. S127
120 | *F NMR spectrum of the compound 4k. 5128
121 | 'H NMR spectrum of the compound 4. S129
122 | ©*C NMR spectrum of the compound 41. $130
123 | F NMR spectrum of the compound 41. S131
124 | NOE spectrum of the compound 4l. S132
125 | COSY spectrum of the compound 41. S133
126 | HSQC spectrum of the compound 41. S134
127 | *H NMR spectrum of the compound 4m. S135
128 | ©*C NMR spectrum of the compound 4m. 5136
129 | ©F NMR spectrum of the compound 4m. S137
130 | NOE spectrum of the compound 4m. S138
131 | F—"H HOESY spectrum of the compound 4m. S139
132 | COSY spectrum of the compound 4m. S140

S6




133 | HSQC spectrum of the compound 4m. S141
134 | 'H NMR spectrum of the compound 4n. S142
135 | °C NMR spectrum of the compound 4n. S143
136 | F NMR spectrum of the compound 4n. S144
137 | 'H NMR spectrum of the compound 4o. S145
138 | ©*C NMR spectrum of the compound 4o. S146
139 | F NMR spectrum of the compound 4o. S147
140 | *H NMR spectrum of the compound 4p. S148
141 | *C NMR spectrum of the compound 4p. S149
142 | F NMR spectrum of the compound 4p. S150
143 | 'H NMR spectrum of the compound 4q. S151
144 | *C NMR spectrum of the compound 4q. S152
145 | F NMR spectrum of the compound 4q. 5153
146 | 'H NMR spectrum of the compound 4r. S154
147 | C NMR spectrum of the compound 4r. S155
148 | F NMR spectrum of the compound 4r. S156
149 | 'H NMR spectrum of the compound 4s. S157
150 | °C NMR spectrum of the compound 4s. S158
151 | ™F NMR spectrum of the compound 4s. S159
152 | NOE spectrum of the compound 4s. S160
153 | F—"H HOESY spectrum of the compound 4s. S161
154 | 'H NMR spectrum of the compound 4t. S162
155 | 3C NMR spectrum of the compound 4t. 5163

S7




156 | *F NMR spectrum of the compound 4t. S164
157 | 'H NMR spectrum of the compound 4u. S165
158 | °C NMR spectrum of the compound 4u. S166
159 | F NMR spectrum of the compound 4u. S167
160 | 'H NMR spectrum of the compound 4v. S168
161 | ©*C NMR spectrum of the compound 4v. S169
162 | F NMR spectrum of the compound 4v. S170
163 | NOE spectrum of the compound 4v. S171
164 | HSQC spectrum of the compound 4v. S172
165 | 'H NMR spectrum of the compound 4w. S173
166 | *C NMR spectrum of the compound 4w. S174
167 | ©F NMR spectrum of the compound 4w. S175
168 | 'H NMR spectrum of a mixture of 7a and 8a (1:6). S176
169 | F NMR spectrum of the compound 7a. S177
170 | *H NMR spectrum of the compound 8a. S178
171 | °C NMR spectrum of the compound 8a. S179
172 | 'H NMR spectrum of a mixture of 7b and 8b (1.7:1). S180
173 | ©*C NMR spectrum of a mixture of 7b and 8b (1.7:1). S181
174 | F NMR spectrum of the compound 7b. 5182

S8




'H NMR spectrum of the compound 2.
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3C NMR spectrum of the compound 2c.
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°F NMR spectrum of the compound 2ec.
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'H NMR spectrum of the compound 2d.
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13C NMR spectrum of the compound 2d.
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F NMR spectrum of the compound 2d.
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'H NMR spectrum of the compound 2f.
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3C NMR spectrum of the compound 2f.
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¢ NMR spectrum of the compound 2f.
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'H NMR spectrum of the compound 2.
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3C NMR spectrum of the compound 21.
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F NMR spectrum of the compound 21.
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'H NMR spectrum of the compound 2m.
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3C NMR spectrum of the compound 2m.
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F NMR spectrum of the compound 2m.
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'H NMR spectrum of the compound 2n.
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13C NMR spectrum of the compound 2n.
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1 NMR spectrum of the compound 2n.
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3C NMR spectrum of the compound 2p.
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F NMR spectrum of the compound 2p.
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'H NMR spectrum of the compound 2q.
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3C NMR spectrum of the compound 2q.
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F NMR spectrum of the compound 2q.
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'H NMR spectrum of the compound 2v.
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—153.83

3¢ NMR spectrum of the compound 2v.
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F NMR spectrum of the compound 2v.
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'H NMR spectrum of the compound 2w.
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13C NMR spectrum of the compound 2w.
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F NMR spectrum of the compound 2w.
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'H NMR spectrum of the compound 3a.
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—194.36

13C NMR spectrum of the compound 3a.
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F NMR spectrum of the compound 3a.
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'H NMR spectrum of the compound 3b.
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3C NMR spectrum of the compound 3b.
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F NMR spectrum of the compound 3b.
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'H NMR spectrum of the compound 3c.
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3¢ NMR spectrum of the compound 3c.
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¢ NMR spectrum of the compound 3c.
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'H NMR spectrum of the compound 3d.
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3C NMR spectrum of the compound 3d.

s 22 93
g 5 88§ 83
| | | \/
0
0
N s—<
}/ %
o HC

44,07
< 43.87
35.58
35.38
—29.98
2171
21.52

<
<

1 .
210 200 190 180 170 160 150 140 130 120 110 100 90 80
ppm

S49



F NMR spectrum of the compound 3d.
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'H NMR spectrum of the compound 3e.
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13C NMR spectrum of the compound 3e.
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1 NMR spectrum of the compound 3e.
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'H NMR spectrum of the compound 3f.
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3C NMR spectrum of the compound 3f.
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F NMR spectrum of the compound 3f.
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'H NMR spectrum of the compound 3h.
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13C NMR spectrum of the compound 3h.
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F NMR spectrum of the compound 3h.
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'H NMR spectrum of the compound 3i.
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3C NMR spectrum of the compound 3i.
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F NMR spectrum of the compound 3i.
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'H NMR spectrum of the compound 3j.
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3C NMR spectrum of the compound 3j.
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F NMR spectrum of the compound 3;j.
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'H NMR spectrum of the compound 3k.
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13C NMR spectrum of the compound 3k.
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F NMR spectrum of the compound 3k.
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'H NMR spectrum of the compound 31.
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3C NMR spectrum of the compound 3.

R 8 e P 5RS 18% & B
-3 g 34 2 FEA MMS § A
| | \/ | VNV
0
o}
SN )k
>“"”IQ ) CHa
I ° ]
HyC
]
H
T T T T T T T L T v T L3 T L T LT T L T T . T T L3 T L 1 LI T T T T
10 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
ppm



F NMR spectrum of the compound 31.
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'H NMR spectrum of the compound 3m.
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3¢ NMR spectrum of the compound 3m.
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F NMR spectrum of the compound 3m.
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'H NMR spectrum of the compound 3n.
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13C NMR spectrum of the compound 3n.
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F NMR spectrum of the compound 3n.
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'H NMR spectrum of the compound 3o.
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3¢ NMR spectrum of the compound 3o.
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F NMR spectrum of the compound 3e.
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'H NMR spectrum of the compound 3p.
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13C NMR spectrum of the compound 3p.
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F NMR spectrum of the compound 3p.
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'H NMR spectrum of the compound 3r.
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13C NMR spectrum of the compound 3r.
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F NMR spectrum of the compound 3r.
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'H NMR spectrum of the compound 3s.
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13C NMR spectrum of the compound 3s.

—91.21
~89.83

45,14
e 44,99

30.66
30.49
30.23
27.36

¢

86

24,
—19.12

130 120 110 100 90 80
ppm

S88



F NMR spectrum of the compound 3s.
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'H NMR spectrum of the compound 3t.
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—194.94

3C NMR spectrum of the compound 3t.
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F NMR spectrum of the compound 3t.
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'H NMR spectrum of the compound 3u.
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3C NMR spectrum of the compound 3u.
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F NMR spectrum of the compound 3u.
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'H NMR spectrum of the compound 3v.
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3¢ NMR spectrum of the compound 3v.
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F NMR spectrum of the compound 3v.
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'H NMR spectrum of the compound 3w.
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13C NMR spectrum of the compound 3w.
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YF NMR spectrum of the compound 3w.
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'H NMR spectrum of the compound 4a.
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3C NMR spectrum of the compound 4a.
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F NMR spectrum of the compound 4a.
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'H NMR spectrum of the compound 4b.
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3C NMR spectrum of the compound 4b.
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F NMR spectrum of the compound 4b.
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'H NMR spectrum of the compound 4c.
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13C NMR spectrum of the compound 4c.
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¢ NMR spectrum of the compound 4c.
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'H NMR spectrum of the compound 4d.
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F NMR spectrum of the compound 4d.
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'H NMR spectrum of the compound 4e.
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13C NMR spectrum of the compound 4e.
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°F NMR spectrum of the compound 4e.
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'H NMR spectrum of the compound 4h.
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13C NMR spectrum of the compound 4h.
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1 NMR spectrum of the compound 4h.
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'H NMR spectrum of the compound 4i.
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3C NMR spectrum of the compound 4i.
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F NMR spectrum of the compound 4i.
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'H NMR spectrum of the compound 4j.
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3C NMR spectrum of the compound 4;.
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F NMR spectrum of the compound 4;j.
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'H NMR spectrum of the compound 4k.
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13C NMR spectrum of the compound 4k.
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1 NMR spectrum of the compound 4k.
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'H NMR spectrum of the compound 4.
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3C NMR spectrum of the compound
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F NMR spectrum of the compound 41.
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R1408537

NOE spectrum of the compound 41.
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COSY spectrum of the compound 41.
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HSQC spectrum of the compound 41.
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'H NMR spectrum of the compound 4m.
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3¢ NMR spectrum of the compound 4m.
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F NMR spectrum of the compound 4m.
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NOE spectrum of the compound 4m.
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r_'H HOESY spectrum of the compound 4m.

19F-1H, HOESY
..f'n\
I|"II II'..I
,'()J \\-\\
J\”'/ s
Bk Al TNl A A At A DPM
( 1
o 1.0
! ,
Noe i 1.5
= _j b
2.0
Noe —
~2.5
- I |
3.5
:;'! ~4.0
I T v - ¥ + T - —r v T 1 - - - T - + - - T - - . v T
-156.0 -156.5 -157.0 -157.5 -158.0 -158.5 ppm

S139

BRGRER
Co3S

NAME R1401682
EXPNO 3
PROCNO 1

Date 20200115

Time 145
INSTRUM temp

I BHD 5 mm QNP 1H/15
PULPROG hoesyph

i 024
SOLVENT [§ W K]
NS 32

Ds 16

SWH A765.060 Hz
FIDRES 3676817 Hz
AQ 0.1360372 see

RG 512

Dw 132,800 usec
DE 6.50 usec

TE 2062 K

Do 0.00000300 sec

D1 200000000 sec

s 1AM sec
D12 000002000 sec
INO 0.00031240 sec
======== CHANNEL 1 =======—
NUCL 191

ri 13.50 usec

P2 27.00 usec

PL1 =3.00 dB

SFOL 376.4391052 MHz
======== CHANNEL 2 ========
CPDPRG2 walizl6
NUC2 1H

3 10,30 usee

4 20,60 usec
PCPD2 90, Ill! usee

alé

] 2150 dB
SFO2  400.1310003 MHz
NDo 2

™ 128

SFOI 400,131 MHz
FIDRES 12504004 Hz
SW 4.000 ppm
FoMODE  States-TPP1
sl 1024

SF 376.4985527 MHz
WDhw QSINE
SSB 2

LB 0.00 Hz

GR 0

rc 140

SI 1024

MC2 States-TI'P1

SF 400, 1300000 MHz
WDw QSINE
SSB 2

LB 0.00 Hz
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COSY spectrum of the compound 4m.
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HSQC spectrum of the compound 4m.
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'H NMR spectrum of the compound 4n.
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13C NMR spectrum of the compound 4n.
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F NMR spectrum of the compound 4n.
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'H NMR spectrum of the compound 4o.

02
12
11
09
08
06

el B R R R R e e B B R e

88

~4

» s el e e e e o - ’I‘ . ';.I" T :'
S @ S - S
- - ] ] =
T T T T T T T T LT T L T T i T L8 T L T T T L T T T T T T T T T
11.0 10.5 10.0 9.5 9.0 8.5 8.0 i 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

ppm

S145



0
Q J
me S N 7 e
mc——}——o EO

H,C

13C NMR spectrum of the compound 4o.
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F NMR spectrum of the compound 4e.
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'H NMR spectrum of the compound 4p.
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3C NMR spectrum of the compound 4p.
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F NMR spectrum of the compound 4p.
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'H NMR spectrum of the compound 4q.
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3C NMR spectrum of the compound 4q.
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F NMR spectrum of the compound 4q.
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'H NMR spectrum of the compound 4r.
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F NMR spectrum of the compound 4r.
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'H NMR spectrum of the compound 4s.
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13C NMR spectrum of the compound 4s.
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F NMR spectrum of the compound 4s.
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R795447

NOE spectrum of the compound 4s.
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¥F_'H HOESY spectrum of the compound 4s.
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======== CHANNEL fl ========
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'H NMR spectrum of the compound 4t.
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3C NMR spectrum of the compound 4t.
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¢ NMR spectrum of the compound 4t.
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'H NMR spectrum of the compound 4u.
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13C NMR spectrum of the compound 4u.
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F NMR spectrum of the compound 4u.
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'H NMR spectrum of the compound 4v.
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—153.45

13C NMR spectrum of the compound 4v.
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F NMR spectrum of the compound 4v.
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NOE spectrum of the compound 4v.
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HSQC spectrum of the compound 4v.
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'H NMR spectrum of the compound 4w.
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13C NMR spectrum of the compound 4w.
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F NMR spectrum of the compound 4w.
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'H NMR spectrum of a mixture of 7a and 8a (1:6).
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F NMR spectrum of the compound 7a.
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'H NMR spectrum of the compound 8a.
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3¢ NMR spectrum of the compound 8a.

2 8 g Q
g . i 5
NH, [ | A% |
|
: 0=S=0
[l
|
|
|
ol - e l l- \ = " l l."___ Ny
r T T T T T T T T T T T T T - T v T . T - T : . .
00 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 30 20 10
ppm

S179



'H NMR spectrum of a mixture of 7b and 8b (1.7:1).
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13C NMR spectrum of a mixture of 7b and 8b (1.7:1).
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F NMR spectrum of the compound 7b.

—-137.06

e . B e P e e e e ] B e L . ) AR ) o oy e, e o, 20) FFr i) S s e N IR) TR
-100 -105 -110 -115 -120 -125 -130 -135 -140 -145 -150 -155 -160 -165 -170 -175 -180 -185 -190 -195 -200 -205 -210 -215 -220 -225 -230 -235 -2¢
ppm

5182





